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The present invention relates to a polynucleotide, referred to 
hereinbelow as hpu. encoding a polypeptide having heparanase activity. 



cells expressing heparanase. i he invention further relates to a recombinant 
protein having heparanase activity and to ant i sense oligonucleotides, 
constructs and ribo/ymes for down regulating heparanase activity. In 
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Heparan sulfate proteoglycans: I Ieparan sul late proteoglycans 
(IlSP(i) are ubiquitous maeromolecules associated with the cell surface and 
extra cellular matrix (I CM) of a wide range of cells of vertebrate and 
invertebrate tissues (1-4). The basic I ISP(i structure includes a protein core 
5 to which several linear heparan sulfate chains are eovalently attached. 
These polysaccharide chains are typically composed of repeating hexuronic 
and I)-glucosamine disaccharide units that are substituted to a varying 
extent with N- and O-Imked sulfate moieties and N-linked acetyl groups 
(1-4). Studies on the involvement of PCM molecules in cell attachment, 

io growth and differentiation revealed a central role of IISPG in embryonic 
morphogenesis, angiogenesis. neurite outgrowth and tissue repair (1-5). 
HSPCi are prominent components of blood vessels (3). In large blood 
vessels they are concentrated mostly in the intima and inner media, whereas 
in capillaries they are found mainly in the subendothelial basement 

15 membrane where they support proliferating and migrating endothelial cells 
and stabilize the structure of the capillar) wall. The ability of MSPd to 
interact with I (M maeromolecules Mich as collagen, iammin and 
fibronectin. and with different attachment sites on plasma membranes 
suggests a key role for this proteoglycan in the self-assembly and 

.:o insolubilitv of I CM components, as w ell as in cell adhesion ;md 
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dccisi\'c role in extravasation of blood-borne eells. I IS eatabolism is 
observed in inflammation, wound repair, diabetes, and eaneer metastasis, 
suggesting that enzymes which degrade IIS play important roles in 
pathologic processes. Heparanase activity lias been described in activated 
5 immune system cells and highly metastatic cancer cells (6-8), but research 
has been handicapped by the lack of biologic tools to explore potential 
causativ e roles of heparanase in disease conditions. 

involvement of Heparanase in Tumor Cell Invasion and 
Metastasis: Circulating tumor cells arrested in the capillar) beds of 

10 different organs must invade the endothelial cell lining and degrade its 
underlying basement membrane (BM) in order to invade into the 
extravascular tissue(s) where they establish metastasis (9. 10). Metastatic 
tumor cells often attach at or near the intercellular junctions between 
adjacent endothelial cells. Such attachment of the metastatic cells is 

15 followed by rupture of the junctions, retraction of the endothelial cell 
borders and migration through the breach in the endothelium toward the 
exposed undcrlving WW i^). ( Mice located between endothelial cells and the 
MM, the invading eells must degrade the subendothelial glycoproteins and 
proteoglycans of the BM in order to migrate out of the vascular 

:u compartment. Several cellular enzymes (e.g.. collagenase IV. plasminogen 
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-I)-glueuronidase (hcparanasc) that cleaves IIS at specific intrachain sites 
(6. 8. 1 1 ). l:\pression of* a IIS degrading hcparanasc was found to correlate 
with the metastatic potential of mouse lymphoma (11). fibrosarcoma and 
melanoma (8) cells. Moreover, elevated levels of hcparanasc were detected 
5 in sera from metastatic tumor bearing animals and melanoma patients (8) 
and in tumor biopsies of cancer patients (12). 

The control of cell proliferation and tumor progression by the local 
niiciocn\ ironmcnL focusing on the interaction of ceiis with the 
extracellular matrix (liCM ) produced by cultured corneal and vascular 

io endothelial cells, was investigated previously by the present inventors. This 
cultured 1;CM closely resembles the subendothelium /"// vivo in its 
morphological appearance and molecular composition. It contains 
collagens (mostly type III and IV. with smaller amounts of types I and V). 
proteoglycans (mostly heparan sulfate- and dermatan sulfate- proteoglycans. 

is with smaller amounts of chondroitin sulfate proteoglycans), laminin. 
fibronectin. cntactin and elastin ( 13. 14). The ability of cells to degrade IIS 
in the cultured I CM was .studied b\ allowing cells to interact with a 
metabolically sulfate labeled I CM. followed by gel filtration (Sepharose 
6H) analysis of degradation products released into the culture medium (11). 

:m While intact HSfCi arc ciuted next to the void \olumc of the column 




arc eluted more toward the V t of the column (O.v kav 0.8. Mr 5-7\l()') 
(11). 

The heparanasc inhibitor) effect of various non-anticoagulant 
species of heparin that might be of potential use in preventing extravasation 
5 of blood-borne cells was also investigated by the present inventors. 
Inhibition of heparanasc w as best achieved by heparin species containing 16 
sugar units or more and having sulfate groups at both the N and C) positions. 
While (/-desulfation abolished the heparanasc inhibiting effect of heparin. 
()-sul fated. N-aeetylated heparin retained a high inhibitory activity. 

io provided that the N-substituted molecules had a molecular size of about 
4.000 daltons or more (7). Treatment of experimental animals with 
heparanasc inhibitors (e.g.. non-anticoagulant species of heparin) markedly 
reduced (>9() w <>) the incidence of lung metastases induced by B16 
melanoma. Lewis lung carcinoma and mammary adenocarcinoma cells (7. 

15 8. 16). Heparin fractions with high and low affinity to anti-thrombin III 
exhibited a comparable high anti-metastatic activity, indicating that the 
heparanasc inhibiting activity of heparin, rather than its anticoagulant 
activity, plays a role in the anti-metastatic properties of the polysaccharide 
(7). 

i> Heparanasc activity in the urine oj cancer patients: In an attempt 




w ere screened ( 16a). I leparanase activity w as detected in the urine of some, 
but not all. cancer patients. High levels of heparanase activity were 
determined in the urine of patients w ith an aggressive metastatic disease and 
there w as no detectable activity in the urine of health)" donors. 
5 Heparanase activity was also found in the urine of 20% of normal 

and microalbuminuria 1 insulin dependent diabetes mellitus (II)DM) patients, 
most likely due to diabetic nephropathy, the most important single disorder 
leading to renal failure in adults. 

Possible involvement of heparanase in tumor angiogenesis: 

10 f ibroblast growth factors are a family of structurally related polypeptides 
characterized by high affinity to heparin (17). They are highly mitogenic 
for vascular endothelial cells and are among the most potent inducers of 
neovascularization ( 17, 18). Basic fibroblast growth factor ( b I C i I ) has been 
extracted from the subendothelial ECM produced //; vitro (19) and from 

15 basement membranes of the cornea (20). suggesting that HCM may serve as 
a reservoir for bl ( II . Immunohistochcmical staining revealed the 
localization of bl (if in basement membranes of dixerse tissues and blood 
\essels (21). Despite the ubiquitous presence of bl(d in normal tissues, 
endothelial cell proliferation in these tissues is usually very low. suggesting 

.'(> that bl ( if is somehow sequestered from its site of action. Studies on the 



20, 22). It was demonstrated that heparanase activity expressed by platelets, 
mast cells, neutrophils, and lymphoma cells is involved in release of active 
bl ( il from FCM and basement membranes (23 ). suggesting that 
heparanase activity may not only function in cell migration and invasion. 
5 but may also elicit an indirect ncovascular response. These results suggest 
that the FCM IISPG provides a natural storage depot for bFGF and possibly 
other heparin-binding growth promoting factors (24. 25). Displacement of 
bFGF from its storage within basement membranes and i:Civi may therefore 
provide a novel mechanism for induction of neovascularization in normal 

it) and pathological situations. 

Recent studies indicate that heparin and US are involved in binding 
of bFGF to high affinity cell surface receptors and in bI ; GI ; cell signaling 
(26. 27). Moreover, the size of IIS required for optimal effect was similar 
to that of IIS fragments released by heparanase (28). Similar results were 

1 5 obtained with vascular endothelial cells grow th factor ( VI X JF) (29). 
suggesting the operation of a dual receptor mechanism involving IIS in cell 
interaction with heparin-binding growth factors. It is therefore proposed 
that restriction of endothelial cell growth factors in FCM prevents their 
systemic action on the \ascular endothelium, thus maintaining a very low 

:<> rate of endothelial cells turnover and \essel growth. ( )n the other hand. 




8 

processes such as wound healing, inllammation and tumor development (24. 
25). 

Expression of heparanase by cells of the immune system: 

Ileparanase activity correlates with the ability of activated cells of the 
5 immune system to leave the circulation and elicit both inflammatory and 

autoimmune responses. Interaction of platelets, granulocytes. I and B 

lymphocytes, macrophages and mast cells with the subendothelial I X Tvl is 

associated with degradation of IIS by a specific hcpaianase activity (6). 

The enzyme is released from intracellular compartments (e.g., lysosomes. 
K) specific granules, etc.) in response to various activation signals (e.g., 

thrombin, calcium ionophore, immune complexes, antigens, mitogens, etc.). 

suggesting its regulated involvement in inflammation and cellular immunity. 
Some of the observations regarding the heparanase enzyme were 

reviewed in reference No. 6 and are listed hereinbelow: 
15 f irst, a proteolytic activity (plasminogen activator) and heparanase 

participate s\ nergistically in sequential degradation of the I CM lISlHi by 

inflammatory leukocytes and malignant cells. 

Second, a large proportion of the platelet heparanase exists in a latent 

form, probably as a complex with chondroitin sulfate. The latent enzyme is 
:o actuated b\ tumor cell-derived factor(s) and mav then facilitate cell 
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Third, release of the platelet heparanase from o-granules is induced 
by a strong stimulant (i.e.. thrombin), but not in response to platelet 
aeti\ ation on bCM. 

fourth, the neutrophil heparanase is preferentially and readily 
5 released in response to a threshold aetivation and upon incubation of the 
cells on bCM. 

f ifth, contact of neutrophils with IIM inhibited release of noxious 
enzymes (proteases. i\ m>/.\ me) and oxygen radicals, but not of enzymes 
(heparanase. gelatinase) which may enable diapedesis. 1 his protective role 
l() of the subendothelial IiCM was observed when the cells were stimulated 
with soluble factors but not with phagoeytosable stimulants. 

Sixth, intracellular heparanase is secreted within minutes after 
exposure of T cell lines to specific antigens. 

Seventh, mitogens (Con A. LPS) induce synthesis and secretion of 
15 heparanase by normal T and R lymphocytes maintained in vitro. 1 
lymphocyte heparanase is also induced b\ immunization with antigen /// 
vivo 

1 ighth. heparanase activity is expressed by pre-M lymphomas and 
R-l\ mphomas. but not by plasmacytomas and resting normal H 
I\ mphocN tes. 
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enzyme into the incubation medium. Similar results were obtained with 
human myeloid leukemia cells induced to differentiate to mature 
macrophages. 

Tenth, I -cell mediated delayed type hypersensitivity and 
5 experimental autoimmunity are suppressed by low doses of heparanase 
inhibiting non-anticoagulant species of heparin (30). 

HIeventh. heparanase activity expressed by platelets, neutrophils and 
metastatic tumor cells releases acti\e bi(n ; from iiCM and basement 
membranes. Release of bl (if from storage in f\CM may elicit a localized 
10 neovascular response in processes such as wound healing, inflammation and 
tumor development. 

Twelfth, among the breakdown products of the HCM generated by 
heparanase is a tri-sul fated disaccharide that can inhibit T-cell mediated 
inflammation in vivo (3 1 ). This inhibition was associated with an inhibitor} 
15 effect of the disaccharide on the production of biologically active TNf o by 
activated T cells in vitro (31 ). 

Other potential therapeutic applications: Apart from its 
involvement in tumor cell metastasis, inflammation and autoimmunity, 
mammalian heparanase may be applied to modulate: bioavailability of 
:.n heparin-binding growth factors (15); cellular responses to heparin-binding 
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viral and some bacterial and protozoa infections (33. 33a. 33b): and 
disintegration of amyloid plaques (34). lleparanase may thus prove useful 
for conditions such as wound healing, angiogenesis. restenosis, 
atherosclerosis, inflammation, neurodegenerative diseases and viral 
5 infections. Mammalian heparanase can be used to neutralize plasma 
heparin, as a potential replacement of protamine. Anti-heparanase 
antibodies may be applied for immunodetection and diagnosis of 
micromctastases. autoimmune lesions and renai failure in biopsy specimens, 
plasma samples, and body fluids. Common use in basic research is 
lo expected. 

The identification of the hpa gene encoding for heparanase enzyme 
will enable the production of a recombinant enzyme in heterologous 
expression systems. Availability of the recombinant protein will pave the 
way for solving the protein structure function relationship and w ill provide a 

15 tool for developing new inhibitors. 

lira/ Infection: The presence of heparan sulfate on cell surfaces 
have been shown to be the principal requirement for the binding of Herpes 
Simplex (33) and Dengue (33a) viruses to cells and for subsequent infection 
of the cells. Removal of the cell surface heparan sulfate by heparanase may 

:<t therefore abolish virus infection. In fact, treatment of cells with bacterial 



rendered the eells at least partially resistant to virus infection (33). I here 
are some indications that the cell surface heparan sulfate is also involved in 
1 II V infection (33b). 

Neurodegenerative diseases: Heparan sulfate proteoglycans were 
5 identified in the prion protein amyloid plaques of (lenstmann-Straussler 
Syndrome. Creut/feldt-Jakob disease and Scrape (34). Heparanase may 
disintegrate these amyloid plaques which are also thought to play a role in 
the pathogenesis of Alzheimer's disease. 

Restenosis and Atherosclerosis: Proliferation of arterial smooth 

io muscle cells (SMCs) in response to endothelial injury and accumulation of 
cholesterol rich lipoproteins are basic events in the pathogenesis of 
atherosclerosis and restenosis (35). Apart from its involvement in SMC 
proliferation (i.e., low affinity receptors for heparin-binding growth factors). 
HS is also involved in lipoprotein binding, retention and uptake (36). It was 

15 demonstrated that HSP(i and lipoprotein lipase participate in a novel 
catabolic pathway that may allow substantial cellular and interstitial 
accumulation of cholesterol rich lipoproteins The latter path\\a\ is 

expected to be highly atherogenic by promoting accumulation of apoli and 
apob rich lipoproteins (i.e. fl)f. VI I)f. chylomicrons), independent of 
feed back inhibition bv the cellular sterol content. Removal of SMC IIS bv 




accumulation and thus may halt the progression of restenosis and 
atherosclerosis. 

dene therapy: 

The ultimate goal in the management of inherited as w ell as acquired 
s diseases is a rational therapy with the aim to eliminate the underlying 
biochemical defects associated with the disease rather then symptomatic 
treatment. Gene therapy is a promising candidate to meet these objectives. 
Initially it was developed for treatment of genetic disorders, however, the 
consensus view today is that it offers the prospect of prov iding therapy for a 

10 variety of acquired diseases, including cancer, viral infections, vascular 
diseases and neurodegenerative disorders. 

The gene-based therapeutic can act either intracellular!} . affecting 
only the cells to which it is delivered, or extracellularly. using the recipient 
cells as local endogenous factories for the therapeutic product(s). The 

is application of gene therapy may follow any ot the following strategies: (i) 
prophylactic gene therapy, such as using gene transfer to protect cells 
against viral infection: (ii) ototoxic gene therapy. Mich as cancer therapv. 
where genes encode ototoxic products to render the target cells vulnerable 
to attack by the normal immune response: (iii) biochemical correction. 

:n primarih for the treatment of single gene defects, where a normal copy of 
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To allow efficient transfer of the therapeutic genes, a variety of gene 
delivery techniques have been developed based on viral and non-viral 
vector systems. The most widely used and most efficient systems for 
delivering genetic material into target cells are viral vectors. So far. 329 
5 clinical studies (phase I. 1 11 and II) with over 2. MM) patients have been 
initiated Worldwide since 1989 (50). 

The approach of gene addition pose serious barriers. The expression 
of many genes is tighm leguiated and context dependent, so achieving the 
correct balance and function of expression is challenging. The gene itself is 

io often quite large, containing main exons and introns. The deliver}' vector is 
usually a virus, which can infect with a high efficiency but may. on the 
other hand, induce immunological response and consequently decreases 
effectiveness, especially upon secondary administration. Most of the 
current expression vector-based gene therapy protocols tail to achieve 

15 clinically significant transgene expression required for treating genetic 
diseases. Apparently, it is difficult to deliver enough virus to the right cell 
type to elicit an e fleet i\ e and therapeutic effect (51) 

Homologous recombination, which was initially considered to be of 
limited use for gene therapy because of its low frequency in mammalian 
cells, has recently emerged as a potential strategv for developing gene 
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These studies aimed at either gene disruption or gene eorreetion and inelude 
RNA'DNA chimeric oligonucleotides, small or large homologous DNA 
fragments, or adeno-associated viral vectors. Most of these studies show a 
reasonable frequency of homologous recombination, w hich w arrants further 
5 /// vivo testing (52). Homologous recombination-based gene therapy has the 
potential to develop into a powerful therapeutic modality for genetic 
diseases. It can offer permanent expression and normal regulation of 
corrected genes in appropriate ceils or organs and probably can be used tor 
treating dominantly inherited diseases such as polycystic kidney disease. 

io Genomic sequences function in regulation of gene expression: 

The efficient expression ol therapeutic genes in target cells or tissues 
is an important component of efficient and safe gene therapy. The 
expression of genes is driv en by the promoter region upstream of the coding 
sequence, although regulation of expression may be supplemented by 

15 farther upstream or downstream DNA sequences or DNA in the introns of 
the gene. Since this important information is embedded in the DNA. the 
description of gene structure is crucial to the anaUsis of gene regulation. 
Characterization of cell specific or tissue specific promoters, as well as 
other tissue specific regulatory elements enables the use of such sequences 

/a to direct efficient cell spec i fie. or developmental stage speci lie gene 
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drugs. Identification of transcription factors and other regulator} proteins 
required for proper gene expression will point at new potential targets for 
modulating gene expression, when so desired or required. 

Efficient expression of main mammalian genes depends on the 
s presence of at least one intron. The expression of mouse thymidylate 
synthase ( I S) gene, tor example, is greatly influenced by intron sequences. 
The addition of almost any of the introns from the mouse I S gene to an 
mlronless IS nvnngenc leads to a iaige increase in expression (42). I he 
involvement of intron 1 in the regulation of expression was demonstrated 

io for many other genes. In human factor IX (hITX). intron 1 is able to 
increase the expression level about 3 fold mare as compared to that of the 
hi IX cDNA (43). The expression enhancing activity of intron 1 is due to 
efficient functional splicing sequences, present in the precursor mRNA. By 
being efficiently assembled into spliceosome complexes, transcripts with 

15 splicing sequences may be better protected in the nucleus from random 
degradations, than those without such sequences (44). 

A forw ard-inserted intron I -carr\ ing hf I X expression cassette 
suggested to be useful for directed gene transfer. while for 
relrox iral-mediated gene transfer system. reversely- inserted intron 

:<> 1 -carrying hi IX expression cassette was considered (43 ). 
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Ki-ras genes of human, mouse and rat. This cis-acting regulator)' sequence 
confers strong transcription enhancer activity that is differentially 
modulated by steroid hormones in metastatic and non metastatic 
subpopulations. Perturbations in the regulatory activities ol such cis-acting 
5 sequences may play an important role in governing oncogenic potency of 
I la-ras through transcriptional control mechanisms (45). 

Intron sequences affect tissue specific, as well as inducible gene 
expression. A 182 bp iiuion 1 i)NA segment of die mouse Coi2ai gene 
contains the necessary information to confer high-level, temporally correct. 

10 chondrocyte expression on a reporter gene in intact mouse embryos, while 
Col2al promoter sequences are dispensable for chondrocyte expression 
(46). In Coll A 1 gene the intron plays little or no role in constitutive 
expression of collagen in the skin, and in cultured cells derived from the 
skin, however, in the lungs of young mice, intron deletion results in 

15 decrease of expression to less than 50 % (47). 

A classical enhancer activity was shown in the 2 kb intron fragment 
in bovine beta-casein gene. I he enhancer activity was largely dependent on 
the lactogenic hormones, especially prolactin. It was suggested that several 
elements in the intron- 1 of the bovine beta-casein gene cooperatively 

jo interact not only with each other but also with its promoter for hormonal 
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Identification and characterization of regulatory elements in genomic 
non-coding sequences, such as introns, provides a tool for designing and 
constructing novel vectors for tissue specific, hormone regulated or any 
other defined expression pattern, for gene therapy. Such an expression 
5 cassette was developed, utilizing regulatory elements from the human 
cytokeratin IX (K1X) gene, including 5' genomic sequences and one of its 
introns. This cassette efficiently expresses reporter genes, as well as the 
human cystic fibrosis tiansinciiibianc conductance regulator (CFTR) gene, 
in cultured lung epithelial cells (49). 

io A Iter native splicing: 

Alternative splicing of pre mKNA is a powerful and versatile 
regulator} mechanism that can effect quantitative control of gene expression 
and functional diversification of proteins. It contributes to major 
developmental decisions and also to a line-tuning of gene function. Genetic 

15 and biochemical approaches have identified eis-aeting regulator)' elements 
and trans-acting factors that control alternative splicing of specitlc mKNAs. 
This mechanism results in the generation of \ariant isoforms of \arious 
proteins from a single gene. 1 hese include cell surface molecules such as 
14)44. receptors, cytokines such as VfXif and enzymes. Products of 

:<i alternately spliced transcripts differ in their expression pattern, substrate 




1 he 1 (il receptor RNA undergoes alternative splicing which results 
in the production of several isoforms. w hich exhibit different ligand binding 
specificities. The alternative splicing is regulated in a cell specific manner 
(53). 

5 Alternative spliced mRNAs are often correlated with malignancy. 

An increase in specific splice variant of tyrosinase was identified in murine 
melanomas (54). Multiple splicing variants of estrogen receptor are present 
in individual human breast tumors. CD44 has various isoform. some are 
characteristic of malignant tissues. 

10 Identification of tumor specific alternative splice variants provide 

new tool for cancer diagnostics. CD44 variants have been used for 
detection of malignancy in urine samples from patients with urothelial 
cancer by competitive RT-PCR (55). CD44 exon 6 was suggested as 
prognostic indicator of metastasis in breast cancer (56). 

is Different enzymes or polypeptides generated by alternative splicing 

may have different function or catalytic specificity. The identification and 
characterization of the enz> me forms, which are imolved in pathological 
processes, is crucial for the design of appropriate and efficient drugs. 
.Modulation of gene expression -Antisense technology: 
An antisense oligonucleotide (e.g.. antisense 
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(64). According to the Watson-Crick base pairing, heterocyclic bases ot the 
antisense oligonucleotide form hydrogen bonds with the heterocyclic bases 
of target single-stranded nucleic acids (RNA or single-stranded DNA). 
whereas according to the I loogsteen base pairing, the heterocyclic bases of 
5 the target nucleic acid are double-stranded DNA. wherein a third strand is 
accommodated in the major groove of the B-form DNA duplex by 
I loogsteen and anti-I loogsteen base pairing to form a triple helix structure. 

Accoiuiug to both the Watson-Crick and the tloogsleeii base pairing 
models, antisense oligonucleotides have the potential to regulate gene 

io expression and to disrupt the essential functions of the nucleic acids in cells. 
Therefore, antisense oligonucleotides have possible uses in modulating a 
w ide range of diseases in w hich gene expression is altered. 

Since the development of effective methods for chemically 
synthesizing oligonucleotides, these molecules have been extensively used 

15 in biochemistry and biological research and have the potential use in 
medicine, since earefullv devised oligonucleotides can be used to control 
gene expression by regulating IcvcN of transcription, transcripts and or 
translation. 

( )Iigodeox\ 'ribonucleotides as long as 100 base pairs (bp) are 
.:o routinely synthesized by solid phase methods using commercially available. 
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also much less stable than oligodeox) 'ribonucleotides, a fact which has 
contributed to the more prevalent use of oligodeo\\ ribonucleotides in 
medical and biological research, directed at. for example, the regulation of 
transcription or translation levels. 
5 (iene expression involves lew distinct and well regulated steps. The 

first major step of gene expression involves transcription of a messenger 
RNA (mRNA) which is an RNA sequence complementary to the antisense 
(i.e.. -) DNA strand, or, in other words, identical in sequence to the DNA 
sense (i.e.. +) strand, composing the gene. In eukaryotes, transcription 

10 occurs in the cell nucleus. 

The second major step of gene expression involves translation of a 
protein (e.g.. enzymes, structural proteins, secreted proteins, gene 
expression factors, etc.) in which the mRNA interacts with ribosomal RNA 
complexes (ribosomes) and amino acid activated transfer RNAs (tRNAs) to 

15 direct the synthesis of the protein coded for by the mRNA sequence. 

Initiation of transcription requires specific recognition of a promoter 
DNA sequence located upstream to the coding sequence of a gene bv an 
RN A-s\ nthcM/ing cn/ymc -- RNA polymerase. I his recognition is 
preceded by sequence-specific binding of one or more transcription factors 

2o to the promoter sequence. Additional proteins which bind at or close to the 




promoter, hut whose binding prohibits the action of KNA polymerase, are 
known as repressors. 

There are also evidence that in some cases gene expression is 
downregulated by endogenous antisense RNA repressors that bind a 
5 complementary mRNA transcript and thereby prevent its translation into a 
functional protein. 

Thus, gene expression is typically upregulated by transcription 
factors and enhancers and dow nremdated bv repressors. 

However, in many disease situation gene expression is impaired. In 
10 many cases, such as different types of cancer, lor various reasons the 
expression of a specific endogenous or exogenous (e.g.. of a pathogen such 
as a virus) gene is upregulated. f urthermore, in infectious diseases caused 
by pathogens such as parasites, bacteria or viruses, the disease progression 
depends on expression of the pathogen genes, this phenomenon may also be 
15 considered as far as the patient is concerned as upregulation of exogenous 
genes. 

Most conventional drugs function b\ interaction with and modulation 
of one or more targeted endogenous or exogenous proteins, e.g.. enzymes. 
Such drugs, however, typically are not specific for targeted proteins but 
:<» interact with other proteins as well. Thus, a relatively large dose of drug 




Typical daily doses of drugs arc from 10° - 10"' millimolcs per 
kilogram of body w eight or 10 _> - 10 millimolcs for a 100 kilogram person. 
If this modulation instead could be effected b\ interaction with and 
inaetivation of mKNA. a dramatic reduction in the necessary amount of 
5 drug could likely be achieved, along with a corresponding reduction in side 
effects. Further reductions could be effected if such interaction could be 
rendered site-specific. Given that a functioning gene continually produces 
mRNA, it would thus be even more advantageous if gene transcription 
could be arrested in its entirety. 
10 (liven these facts, it w ould be adv antageous if gene expression could 

be arrested or downmodulated at the transcription level. 

The ability of chemically synthesizing oligonucleotides and analogs 
thereof having a selected predetermined sequence oilers means for 
dow nmodulating gene expression. Three types of gene expression 
15 modulation strategies may be considered. 

At the transcription level, antisense or sense oligonucleotides or 
analogs that bind to the genomic l)N.\ h\ strand displacement or the 
formation of a triple helix. ma\ prevent transcription (04). 

At the transcript level, antisense oligonucleotides or analogs that 
hind target mKNA molecules lead to the en/vmatic cleavage of the Inbrid 
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hybrid recognized and destroyed by the KNase II enzyme. Alternatively, 
such hybrid formation may lead to interference with correct splicing (66). 
As a result, in both eases, the number of the target mRNA intact transcripts 
ready for translation is reduced or eliminated. 
5 At the translation level, antisense oligonucleotides or analogs that 

bind target mRNA molecules prevent, by steric hindrance, binding of 
essential translation factors (ribosomes). to the target mRNA. a 
phenomenon kriuwu in the art as hybridization arrest, disabling the 
translation of such mRNAs (67). 

10 Thus, antisense sequences, which as described hereinabove may 

arrest the expression of any endogenous and/or exogenous gene depending 
on their specific sequence, attracted much attention by scientists and 
pharmacologists who were devoted at developing the antisense approach 
into a new pharmacological tool (68). 

15 For example, several antisense oligonucleotides have been shown to 

arrest hematopoietic cell proliferation (6 C M. growth (70). entry into the S 
phase of the cell cycle (~"\). reduced survival (^2) and prexent receptor 
mediated responses (73). For use of antisense oligonucleotides as antiviral 
agents the reader is referred to reference 74. 

- ( > for efficient /// v/\v; inhibition of gene expression using antisense 




sequence: (ii) solubility in water; (iii) stability against intra- and 
extracellular nucleases; (iv) capability of penetration through the cell 
membrane: and (v) when used to treat an organism, low toxicity. 

I Jnmodi tied oligonucleotides are impractical for use as ant i sense 
5 sequences since they have short /;/ vivo half-lives, during which they are 
degraded rapidly by nucleases, f urthermore, they are difficult to prepare in 
more than milligram quantities. In addition, such oligonucleotides are poor 
cell iuCiVibi ane pencil alers (75). 

Thus it is apparent that in order to meet all the above listed 
10 requirements, oligonucleotide analogs need to be devised in a suitable 
manner. Therefore, an extensive search for modified oligonucleotides has 
been initiated. 

For example, problems arising in connection with double-stranded 
DNA (dsDNA) recognition through triple helix formation have been 

15 diminished by a clev er "sw itch back" chemical linking, whereby a sequence 
of polypurine on one strand is recognized, and by "switching back", a 
homopurinc sequence on the other strand can be recognized. Also, good 
helix formation has been obtained by using artificial bases, thereby 
improving binding conditions with regard to ionic strength and pi I. 

2i) In addition, in order to improve half-lite as well as membrane 
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Oligonucleotides can be modified either in the base, the sugar or the 
phosphate moiety. These modifications include, lor example, the use of 
methyl phosphonates. monothiophosphates. dithiophosphales. 

phosphoramidates. phosphate esters, bridged phosphorothioates. bridged 
5 phosphoramidates, bridged meth\ lenephosphonates. dephospho 

internucleotide analogs with siloxane bridges, carbonate bridges, 
carboxymcthyl ester bridges, carbonate bridges, carboxymethyl ester 
bridges, ace tarn ide bridges, carbamate bridges, thiocther bridges, suiioxv 
bridges, sulfono bridges, various "plastic" DNAs. o-anomcric bridges and 

10 borane derivatives. I ; or further details the reader is referred to reference 76. 

International patent application WO 89/1 2060 discloses various 
building blocks for synthesizing oligonucleotide analogs, as well as 
oligonucleotide analogs formed by joining such building blocks in a defined 
sequence. 1 he building blocks may be either "rigid" (i.e.. containing a ring 

15 structure) or "flexible" (i.e.. lacking a ring structure). In both cases, the 
building blocks contain a hydroxy group and a mercapto group, through 
which the building blocks are said to join to form oligonucleotide analogs 
I he linking moiety in the oligonucleotide analogs is selected from the group 
consisting of sulfide (-S-). sulfoxide (-SO-), and sulfone (-SO2-). I lowever, 

20 the application provides no data supporting the specific binding of an 



International patent application WO 92 20702 describe an acyclic 
oligonucleotide which includes a peptide backbone on which any selected 
chemical nucleobases or analogs are stringed and serve as coding characters 
as they do in natural DNA or RNA. These new compounds, known as 
5 peptide nucleic acids (PNAs). are not only more stable in cells than their 
natural counterparts, but also bind natural DNA and RNA 50 to 100 times 
more tightly than the natural nucleic acids cling to each other (77). PNA 
oligomers can be synthesized from the four protected monomers containing 
thymine, cytosine, adenine and guanine by Merri field solid-phase peptide 

10 synthesis. In order to increase solubility in water and to prevent 
aggregation, a lysine amide group is placed at the C-terminak 

Thus, antisense technology requires pairing of messenger RNA with 
an oligonucleotide to form a double helix that inhibits translation. The 
concept of antisense-mediated gene therapy was already introduced in 1978 

15 for cancer therapy. This approach was based on certain genes that are 
crucial in cell division and growth of cancer cells. Synthetic fragments of 
genetic substance DNA can achieve this goal. Such molecules bind to the 
targeted gene molecules in RNA of tumor cells, therein' inhibiting the 
translation of the genes and resulting in dysfunctional grow th of these cells. 

:n Other mechanisms has also been proposed. These strategies have been 



are typically synthesized in lengths of 13-30 nucleotides. The lite span of 
oligonucleotide molecules in blood is rather short. Thus, they have to be 
chemically modified to prevent destruction b\ ubiquitous nucleases present 
in the body. Phosphorothioates are very widely used modification in 
antisense oligonucleotide ongoing clinical trials (57). A new generation of 
antisense molecules consist of hybrid antisense oligonucleotide with a 
central portion of synthetic DNA while lour bases on each end have been 
modified with 2'() methyl ribose to resemble RNA. In preclinical studies in 
laboratory animals, such compounds have demonstrated greater stability to 
metabolism in body tissues and an improved safety profile when compared 
with the first-generation unmodified phosphorothioate (Ilybridon Inc. 
news). Dosens of other nucleotide analogs have also been tested in 
antisense technology. 

RNA oligonucleotides may also be used for antisense inhibition as 
they form a stable RNA-RNA duplex with the target, suggesting efficient 
inhibition. However, due to their low stability RNA oligonucleotides are 
typically expressed inside the cells using vectors designed for this purpose. 
"I his approach is laxored when attempting to target a mRNA that encodes 
an abundant and long-lived protein (57). 

Recent scientific publications have validated the efficacy of antisense 




2 l > 

appro\ ed by the I DA. This drug Fomivirsen. developed by Isis. is indieated 
tor Ioeal treatment of cytomegalovirus in patients with AIDS who are 
intolerant of or have a eontraindieation to other treatments for CMV retinitis 
or who were insufficiently responsive to previous treatments for CN4V 
5 retinitis (Pharmacotherapy News Network). 

Several antisense compounds are now in clinical trials in the United 
States. These include locally administered antivirals. systemic cancer 
therapeutics. Ant i sense therapeutics lias the potential to ticai maii\ 
life-threatening diseases w ith a number of advantages over traditional drugs. 

10 Traditional drugs intervene after a disease-causing protein is formed. 
Antisense therapeutics, however, block mRNA transcription/translation and 
intervene before a protein is formed, and since antisense therapeutics target 
only one specific mRNA. they should be more effective with fewer side 
effects than current protein-inhibiting therapy. 

is A second option tor disrupting gene expression at the level of 

transcription uses synthetic oligonucleotides capable of hybridizing with 
double stranded DNA. A triple helix is formed. Such oligonucleotides ma\ 
prevent binding of transcription factors to the gene's promoter and therefore 
inhibit transcription. Alternatively, they may prevent duplex unwinding 

:o and. therefore, transcription of genes within the triple helical structure. 




DNA sequences it is possible to synthesize oligonucleotides that will 
effectively compete with the native DNA sequences for available 
transcription factors /// vivo. 1 his approach requires the identification of 
gene specific transcription factor (57). 
5 Indirect inhibition of gene expression was demonstrated for matrix 

mctalloproteinasc genes (MMP-1, -3, and -9), which are associated with 
invasive potential of human cancer cells. H1AF is a transcription activator 
of MMP genes. Expression of EiAF aniisense RNA in IISC3AS cells 
showed decrease in mRNA and protein lex els of MMP- 1 , -3, and -9. 
10 Moreover. IISC3AS showed lower invasive potential in vitro and in vivo. 
These results imply that transfection of antisense inhibits tumor invasion by 
down-regulating MMP genes (58). 
Ribozymes: 

Ribozymes are being increasingly used for the sequence-specific 
15 inhibition of gene expression by the cleavage of mRNAs encoding proteins 
of interest. The possibility of designing ribozymes to cleave any specific 
target RNA has rendered them valuable tools in both basic research and 
therapeutic applications. In the therapeutics area, ribozymes have been 
exploited to target viral RNAs in infectious diseases, dominant oncogenes 
~a in cancers and spec i fie somatic mutations in genetic disorders. Most 
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transgenic animal research, gene target validation and pathway elucidation. 
Several ribozymes are in various stages of clinical trials. ANCiK )ZYMH 
was the first chemically synthesized ribozyme to he studied in human 
clinical trials. ANCilOZYMP specifically inhibits formation of the VHGl -r 
5 (Vascular fndothelial (irowth factor receptor), a key component in the 
angiogenesis pathway. Ribozyme Pharmaceuticals. Inc.. as well as other 
firms have demonstrated the importance of anti-angiogenesis therapeutics in 
animal models. iifPTA/YMf, a ribozyme designed to selectively destroy 
Hepatitis C Virus (I1CV) RNA. was found effective in decreasing Hepatitis 
10 C viral RNA in cell culture assays (Ribozyme Pharmaceuticals. 
Incorporated - WHB home page). 

Gene disruption in animal models: 

The emergence of gene inactivation by homologous recombination 
methodology in embryonic stem cells has rev olutionized the field of mouse 

15 genetics. The availability of a rapidly growing number of mouse null 
mutants has represented an inv aluable source of knowledge on mammalian 
development, cellular biology and phvsiologv. and has provided many 
models for human inherited diseases. Animal models are required for an 
effective drug delivery development program and evaluation of gene 

:<> therapy approach. I he improv ement of the original knockout strategy, as 




manipulations that can be produced. Additional methods have been 
developed to provide versatile research tools: Double replacement method, 
sequential gene targeting, conditional cell type specific gene targeting, 
single copy integration method, inducible gene targeting, gene disruption by 
5 viral deliver), replacing one gene with another, the so called knock-in 
method and the induction of specific balanced chromosomal translocation. 
It is now possible to introduce a point mutation as a unique change in the 
entire genome, liicieioie allowing very fine dissection of gene function /// 
vivo. Furthermore, the advent of methods allowing conditional gene 
10 targeting opens the w ay for analysis of consequence of a particular mutation 
in a defined organ and at a specific time during the life of the experimental 
animal (59). 

DNA vaccination: 

Observations in the early 1990s that plasmid DNA could directly 
15 transfect animal cells in vivo sparked exploration of the use of DNA 
plasmids to induce immune response by direct injection into animal of DNA 
encoding antigenic protein. When a DNA vaccine plasmid enters the 
eukaryotic cell, the protein it encodes is transcribed and translated within 
the cell. In the case of pathogens, these proteins are presented to the 
2u immune sy stem in their native form, mimicking the presentation of antigens 




infectious diseases, as well as tor allergy and for cancer. 1 he central 
hypothesis behind active specific immunotherapy tor cancer is that tumor 
cells express unique antigens that should stimulate the immune system. 1 he 
first DNA vaccine against tumor was careino-embrionic antigen (CHA). 
s DNA vaccinated animals expressed immunoprotection and immunotherapy 
of human CHA-expressing syngeneic mouse colon and breast carcinoma 
(61). In a mouse model of neuroblastoma, DNA immunization w ith HuD 
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Immunity to the brown locus protein, gp^ tyrosinase-related protein- 1. 
io associated with melanoma, was investigated in a syngeneic mouse model. 
Priming with human gp75 DNA broke tolerance to mouse gp7r>. Immunity 
against mouse gp75 provided significant tumor protection (60). 
Glycosyl hydrolases: 

(ilyeosyl hydrolases are a widespread group of enzymes that 
15 hydrolyze the o-glycosidic bond between two or more carbohydrates or 
between a carbohydrate and a noncarbohydrate moiety. The enzymatic 
hydrolysis of glycosidic bond occurs b\ using major one or tw o mechanisms 
leading to overall retention or inversion of the anomeric configuration. In 
both mechanisms catalysis involves two residues: a proton donor and a 
2o nuclcophile. (Hycosyl hydroiyses have been classified into 58 families 
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they all hydrolyze the glycosidic bond in a general aeid catalysis 
mechanism, with retention of the anomeric configuration. I he mechanism 
involves two glutamic acid residues, which are the proton donors and the 
nucleophile. with an aspargine always preceding the proton donor. 
5 Analyses of a set of known 31) structures from this group rev ealed that their 
catalytic domains, despite the low level of sequence identity, adopt a similar 
(cx/'P) 8 fold with the proton donor and the nucleophile located at the 
C-terrni nal ends ol strands f>4 and p7. i especti vei\ . Mutations m the 
functional conserved amino acids of lysosomal glycosyl hydrolases were 

it) identified in lysosomal storage diseases. 

Lysosomal glycosyl hydrolases including P-glucuronidasc. [3- 
manosidase. P-glucocerebrosidase. P-galactosidase and a-L iduronidase. are 
all exo-glycosyl hydrolases, belong to the GH-A clan and share a similar 
catalytic site. However, many endo-glucanases from various organisms. 

15 such as bacterial and fungal xylenases and cellulases share this catalytic 
domain. 

(icnomic sequence of It pa gene and its implications: 
It is well established that heparanase activity is correlated with 
cancer metastasis. This correlation was demonstrated at the level of 
:<) en/vmatic activity as well as the levels of protein and hpa cl)NA expression 
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by several means. The genomic region, eneoding the hpa gene and the 
surrounding, provides a new powerful tool lor regulation of heparanase 
activity at the level of gene expression. Regulatory sequences may reside in 
noncoding regions both upstream and downstream the transcribed region as 
5 well as in intron sequences. A DNA sequence upstream of the transcription 
start site contains the promoter region and potential regulator} elements. 
Regulatory factors, which interact with the promoter region may be 
identified and be used as potential drugs lor inhibition of cancer, metastasis 
and inflammation. The promoter region can be used to screen for inhibitors 
10 of heparanase gene expression, f urthermore, the hpa promoter can be used 
to direct cell specific, particularly cancer cell specific, expression of foreign 
genes, such as cytotoxic or apoptotic genes, in order to specifically destroy 
cancer cells. 

Cancer and yet unknown related genetic disorders may involve 
15 rearrangements and mutations in the heparanase gene, either in coding or 
non-coding regions. Such mutations may affect expression level or 
en/\matic activity The genomic sequence of hpa enables the amplification 
of specific genomic DNA fragments, identification and diagnosis of 
mutations. 

"'i There is thus a widelv recognized need for. and it would be highh 
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genetically modified cells expressing heparanase and a recombinant protein 
having heparanase activity, as well as antisense oligonucleotides, constructs 
and ribo/vmes which can be used for down regulation heparanase activity. 

5 SUMMARY OF Tllf INYfNTION 

Cloning of the human hpa gene which encodes heparanase, and 
expression of recombinant heparanase by transfected host cells is reported 
herein, as weii as dow nreguiation of heparanase activity by antisense 
technology. 

10 A purified preparation of heparanase isolated from human hepatoma 

cells was subjected to tryptic digestion and microsequencing. The 
YGPDVGQPR (SHQ II) N():8) sequence revealed was used to screen KST 
databases for homology to the corresponding back translated DNA 
sequence. Two closely related HST sequences were identified and were 

15 thereafter found to be identical. Both clones contained an insert of 1020 bp 
w hich included an open reading frame of 973 bp followed bv a 27 bp of 3' 
untranslated region and a fob A tail. Translation start site was not 
identified. 

C loning of the missing S' end of hpa was performed by PCR 
2o amplification of DNA from placenta Marathon RACT cDNA composite 
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identified 3' encoding EST clones was obtained. I he joined cDNA 
fragment (hpa). 1721 bp long (SEQ 11) N():9). contained an open reading 
frame which encodes a polypeptide of 543 amino acids (SEQ II) N():10) 
with a calculated molecular weight of 61.192 daltons. 

Cloning an extended 5' sequence was enabled from the human 
SK-hepl cell line by PCR amplification using the Marathon RACK. The 5' 
extended sequence of the SK-hepl hpa cDNA was assembled with the 
sequence of the hpa cDNA isolated from human piaeenta (SEQ iD N():9). 
The assembled sequence contained an open reading frame. SEQ 113 NOs: 13 
and 15, which encodes, as shown in SEQ 113 NOs: 14 and 15, a polypeptide 
of 592 amino acids with a calculated molecular weight of 66,407 daltons. 

The ability of the hpa gene product to catalyze degradation of 
heparan sulfate in an in vitro assay was examined by expressing the entire 
open reading frame of hpa in insect cells, using the liaeulovirus expression 
system. Extraets and conditioned media of cells infected with virus 
containing the hpa gene, demonstrated a high level of heparan sulfate 
degradation activity both towards soluble I CM-dcti\ed IlSPCi and intact 
ECM. This degradation activity was inhibited by heparin, which is another 
substrate of heparanase. Cells infected with a similar construct containing 
no hpa gene had no such activity, nor did non-infected cells. The ability of 
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1 he expression pattern of hpa RNA in various tissues and cell lines 
was investigated using RT-PCR. It was found to be expressed only in 
tissues and cells previously known to have heparanase activity. 

A panel of monochromosomal human CI 1() and human /mouse 
5 somatic cell hybrids was used to localize the human heparanase gene to 
human chromosome 4. The newly isolated heparanase sequence can be 
used to identify a chromosome region harboring a human heparanase gene 
in a chromosome spread. 

A human genomic library was screened and the human locus 
10 harboring the heparanase gene isolated, sequenced and characterized. 
Alternatively spliced heparanase mRNAs were identified and characterized. 
The human heparanase promoter has been isolated, identified and positively 
tested for activity. The mouse heparanase promoter has been isolated and 
identified as well. Antisense heparanase constructs were prepared and their 
15 influence on cells in vitro tested. A predicted heparanase active site was 
identified. And finally, the presence of sequences hybridizing w ith human 
heparanase sequences was demonstrated lor a \aricty of mammalians and 
for an avian. 

According to one aspect of the present invention there is prov ided an 
:u isolated nucleic acid comprising a genomic, complementary or composite 



According to further features in preferred embodiments of the 
invention described below, the polynucleotide or a portion thereof is 
hybridi/able with SbO 11) NOs: 9. 13. 42. 43 or a portion thereof at 68 °C in 
6 x SSC. 1 °<> SDS. 5 \ Denharts. 10 % dextran sulfate. 100 pg ml salmon 
sperm DNA. and ->2 p labeled probe and wash at 68 °C with 3 x SSC and 0. 1 
% SDS. 

According to still further features in the described preferred 
embodiments the polynucleotide or a portion thereof is at least 60 % 
identical w ith S1:Q II) NOs: 9. 13. 42. 43 or portions thereof as determined 
using the Bestlit procedure of the DNA sequence analysis software package 
developed by the Genetic Computer Group (GCG) at the university of 
Wisconsin (gap creation penalty - 12, gap extension penalty - 4). 

According to still further features in the described preferred 
embodiments the polypeptide is as set forth in SL:Q ID NOs: 10. 14. 44 or 
portions thereof- 
According to still further features in the described preferred 
embodiments the pob peptide is at least 60 () () homologous to SI () 11) 
NOs: 10. 14. 44 or portions thereof as determined with the Smith-W aterman 
algorithm, using the Bioaccelcrator platform developed by Compugene 
(gapop: 10.0. gapext: 0.5. matrix: blosuni62). 
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According to additional aspects of the present invention there are 
provided a nucleic acid construct (vector) comprising the isolated nucleic 
acid described herein and a host cell comprising the construct. 

According to a further aspect of the present invention there is 
5 provided an antisense oligonucleotide comprising a polynucleotide or a 
polynucleotide analog of at least 10 bases being hybridi/.able in vivo, under 
physiological conditions, with a portion of a polynucleotide strand encoding 
a polypeptide having heparanase catalytic activity. 

According to an additional aspect of the present invention there is 
10 provided a method of in vivo downregulating heparanase activity 
comprising the step of in vivo administering the antisense oligonucleotide 
herein described. 

According to yet an additional aspect of the present invention there is 
provided a pharmaceutical composition comprising the antisense 
15 oligonucleotide herein described and a pharmaceutically acceptable carrier. 

According to still an additional aspect of the present invention there 
is pro\ ided a ribo/\ me comprising the antisense oligonucleotide described 
herein and a ribozyme sequence. 

According to a further aspect of the present invention there is 
?.u provided an antisense nucleic acid construct comprising a promoter 
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under physiological conditions, with a portion of a polynucleotide strand 
encoding a polypeptide having heparanase catalytic activity. 

According to further features in preferred embodiments of the 
invention described below, the polynucleotide strand encoding the 
polypeptide having heparanase catalytic activity is as set forth in SHQ II) 
NOs: 9. 13. 42 or 43. 

According to still further features in the described preferred 
CI n b od I ill C II t S 1 1 1 C p i ) ! y p c p t i d C h a \ i n g 1 1 c p a i a 1 1 a s c catalytic a c i i \ i L \ is as set 
forth in SI-Q II) NOs: 10, 14 or 44. 

According to still a further aspect of the present invention there is 
provided a method of in vivo dow nregulating heparanase activity 
comprising the step of in vivo administering the antisense nucleic acid 
construct herein described. 

According to yet a further aspect of the present invention there is 
provided a pharmaceutical composition comprising the antisense nucleic 
acid construct herein described and a pharmaceutical^' acceptable carrier. 

According to a further aspect of the present invention there is 
provided a nucleic acid construct comprising a polynucleotide sequence 
functioning as a promoter, the polynucleotide sequence is derived from SHQ 
11) N():42 and includes at least nucleotides 2535-2^35 thereof or from SI () 
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According to a further aspect of the present invention there is 
provided a method of expressing a polynucleotide sequence comprising the 
step of iigating the polynucleotide sequence into the nucleic acid construct 
described above, downstream of the polynucleotide sequence derived from 
5 Si:o 11) N()s:42 or 43. 

According to a further aspect of the present invention there is 
provided a recombinant protein comprising a polypeptide having heparanase 
c a t a 1 y tic a c t i v i ty . 

According to further features in preferred embodiments of the 
10 invention described below, the polypeptide includes at least a portion of 
SKQ ID NOs: 10, 14 or 44. 

According to still further features in the described pre 1 erred 
embodiments the protein is encoded by a polynucleotide hybridixable with 
Si:Q ID NOs: 9. 13. 42, 43 or a portion thereof at 68 °C in 6 x SSC. 1 % 
15 SDS. 5 x Denharts, 10 % dextran sulfate, 100 |ag/ml salmon sperm DNA. 
and 32 p labeled probe and wash at 68 °C with 3 x SSC and 04 % SDS. 

According to still further features in the described preferred 
embodiments the protein is encoded by a polynucleotide at least 60 °o 
identical w ith SI:Q ID NOs: 9. 13. 42. 43 or portions thereof as determined 
2o using the Restlit procedure of the DNA sequence analysis software package 
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According to a further aspect of the present invention there is 
provided a pharmaceutical composition comprising, as an active ingredient, 
the recombinant protein herein described. 

According to a further aspect of the present invention there is 
5 provided a method of identifying a chromosome region harboring a 
heparanase gene in a chromosome spread comprising the steps of (a) 
hybridizing the chromosome spread with a tagged polynucleotide probe 
encoding heparanase* ( b) washing the chromosome spread, thereby 
removing excess of non-hybridized probe; and (c) searching for signals 
]() associated with the hybridized tagged polynucleotide probe, wherein 
detected signals being indicative of a chromosome region harboring a 
heparanase gene. 

According to a further aspect of the present invention there is 
provided a method of in vivo eliciting anti-heparanase antibodies 

i> comprising the steps of administering a nucleic acid construct including a 
polynucleotide segment corresponding to at least a portion of SIO II) 
N()s: C) . 13 or 43 and a promoter for directing the expression of said 
polynucleotide segment in vivo. Accordingly, there is provided also a DNA 
vaccine for /// vivo eliciting anti-heparanase antibodies comprising a nucleic 

:u acid construct including a polynucleotide segment corresponding to at least 
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The present invention ean be used to develop new drugs to inhibit 
tumor cell metastasis, inflammation and autoimmunity. The identification 
of the hpa gene encoding for heparanase enzyme enables the production of 
a recombinant enzyme in heterologous expression systems. Additional 
5 features, advantages, uses and applications of the present invention in 
biological science and in diagnostic and therapeutic medicine are described 
hereinafter. 

BRIHF DESCRIPTION OF T HF DRAWINGS 
10 The invention herein described, by way of example only, with 

reference to the accompanying drawings, wherein: 

FIG. 1 presents nucleotide sequence and deduced amino acid 

sequence of hpa cDNA. A single nucleotide difference at position 799 (A 

to T) between the FST (Expressed Sequence lag) and the PCR amplified 
15 cDNA (reverse transcribed RNA) and the resulting amino acid substitution 

(Tyr to Phe) arc indicated above and below the substituted unit. 

respectively. Cysteine residues and the poh ademlation consensus 

sequence are underlined. I he asterisk denotes the stop codon TGA. 

FIG. 2 demonstrates degradation of soluble sulfate labeled IISPG 
2o substrate by Ivsates of High five cells infected with pF///></2 virus. Fysates 
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soluble 1 1 S PC i (peak I). The incubation medium was then subjected to gel 
titration on Sepharose 61 i. I xnv molecular weight I IS degradation 
fragments (peak U) were produced only during incubation with the p\ : hpa2 
infected cells, but there was no degradation of the IISPG substrate ( :-) by 
5 h sates of pl ; 2 infected cells. 

FIGs. 3a-b demonstrate degradation of soluble sulfate labeled IISPG 
substrate by the culture medium of pYlipal and pF///;</4 infected cells. 
Culture media of High f ive cells infected w ith pVhpal (3a) or \ri : hpiA (3b) 
viruses (•), or with control viruses (□) were incubated (18 h. 37 °C) with 

H) sulfate labeled ECM-derived soluble IISPG (peak I, < ). The incubation 
media were then subjected to gel filtration on Sepharose 6B. Low 
molecular weight IIS degradation fragments (peak II) were produced only 
during incubation with the hpa gene containing viruses. There was no 
degradation of the IISPG substrate by the culture medium of cells infected 

15 w ith control viruses. 

FIG. 4 presents si/.e fractionation of heparanase activity expressed by 
pI7//></2 infected cells. Culture medium of pF7//j</2 infected High Five cells 
was applied onto a 50 kl)a cut-off membrane. Heparanase activity 
(conversion of the peak 1 substrate. (■:■) into peak II US degradation 

:<» fragments) was found in the high ( ■ 50 kl)a) (• h but not low (■ 50 kl)a) (o) 
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I Kis. 5a-b demonstrate the effect of heparin on heparanase activity 
expressed by pl : hpa2 and pF/?/*/4 infected High Five cells. Culture media 
of p\ : /i/?ci2 (5a) and \)Yhpa4 (5b) infected High Five cells were incubated 
(1Kb. 37 <>C) with sulfate labeled FCM-derived soluble IlSPCi (peak f ■:■) in 
5 the absence (•) or presence O of 10 ng ml heparin. Production of low 
molecular weight HS degradation fragments was completely abolished in 
the presence of heparin, a potent inhibitor of heparanase activ ity (6. 7). 
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virus infected High Five and SQ1 cells. High Five (6a) and S121 (6b) cells 
10 were plated on sulfate labeled FCM and infected (48 h. 28 °C) with pYhpaA 
(•) or control pFl (□) viruses. Control non-infected Sf21 cells (k) were 
plated on the labeled FCM as well. The pH of the cultured medium was 
adjusted to 6.0 - 6.2 followed by 24 h incubation at 37 °C\ Sulfate labeled 
material released into the incubation medium was analyzed by gel filtration 
15 on Sepharose 6B. HS degradation fragments were produced only by cells 
infected with the hpa containing virus. 

I Hi. 7 a-b demonstrate degradation of sulfate labeled intact FCM b\ 
virus infected cells. High five (7a) and St21 (7b) cells were plated on 
sulfate labeled FCM and infected (48 h. 28 °C) with p!7//;</4 (•) or control 
:u pFl (□) viruses. C ontrol non-infected S(21 cells 00 were plate on labeled 
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fragments released into the incubation medium was analyzed by gel 
llltration on Sepharose 6B. IIS degradation fragments were produced only 
by cells infected with the hpa containing virus. 

FIGs. 8a-b demonstrate degradation of sulfate labeled intact FCM by 
the culture medium of pl : hpa4 infected cells. Culture media of High Five 
(8a) and S121 (8b) cells that were infected with p!7?/^/4 (•) or control pi 1 ( 
□ ) viruses were incubated (48 h, 37 °C. pi I 6.0) w ith intact sulfate labeled 



non-infected SOI cells (r). Sulfate labeled material released into the 
10 reaction mixture was subjected to gel filtration analysis. Heparanase 
activity was detected only in the culture medium of pI ; /?/^/4 infected cells. 

FIGs. 9a-b demonstrate the ef fect of heparin on heparanase activity 
in the culture medium of pVhpaA infected cells. Sulfate labeled HCM was 
incubated (24 h, 37 °C. pH 6.0) with culture medium of pVhpaA infected 
15 High Five (9a) and SI21 (9b) cells in the absence (• ) or presence (V) of 10 
jig/ml heparin. Sulfate labeled material released into the incubation 
medium was subjected to gel filtration on Sepharose 6B. Heparanase 
activity (production of peak 11 HS degradation fragments) was completely 
inhibited in the presence of heparin. 
'<> FIGs. iOa-b demonstrate purification of recombinant heparanase on 



FCM. The !;CM was also 
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tractions was performed with 035 - 2 M NaCl gradient (-:-). Ileparanase 
act i\ it\ in the eluted fractions is demonstrated in f igure l()a (•). I ; ractions 
15-28 were subjected to 15 °<> SI)S-pol\ acr\ lamide gel electrophoresis 
followed by silver nitrate staining. A correlation is demonstrated between a 
? major protein band (MW 63,000) in fractions 19-24 and heparanase 
activity. 

I IC js. lla-b demonstrate purification of recombinant heparanase on 

».* k^ij^i viva iu 1 i iiuuuuii v,v;iuiiin. /vvtivc uatuuiia ^lUlV^VI llWill 

heparin-Sepharose (Figure IOa) were pooled, concentrated and applied onto 
io Superdex 75 FPLC column, f ractions were collected and aliquots of each 
fraction were tested for heparanase activity (c. f igure 1 la) and analyzed by 
SDS-polyacrylamide gel electrophoresis followed by silver nitrate staining 
(figure lib). A correlation is seen between the appearance of a major 
protein band (MW - 63.000) in fractions 4 - 7 and heparanase activity. 
15 I I C i s . 12a-e demonstrate expression of the hpa gene by R T-PCR w ith 

total RNA from human embryonal tissues (1 2a). human extra-embryonal 
tissues ( 12b) and cell lines from di fferent origins ( 1 2c-e ). RT-IVR products 
using hpa specific primers (I), primers for (iAIM)H housekeeping gene (II). 
and control reactions without reverse transcriptase demonstrating absence of 
?m genomic DNA or other contamination in RNA samples (III). M- DNA 



5 - adrenal. For 12b: lane 1 - kidney, lane 2 - placenta (8 weeks), lane 3 - 
placenta (1 1 weeks), lanes 4-7 - mole (complete hydatidiform mole), lane 8 
- cytotrophoblast cells (Freshly isolated), lane 9 - c\ totrophoblast cells ( 1.5 h 
in vitro), lane 1 0 - cytotrophoblast cells (6 h in vitro), lane 1 1 - 
s cytotrophoblast cells ( 18 h /// vitro), lane 12 - cytotrophoblast cells (48 h /// 
vitro). For 12c: lane 1 - JAR bladder cell line, lane 2 - NCI IT testicular 
tumor cell line, lane 3 - SW-480 human hepatoma cell line, lane 4 - II I R 

^^ivHiv/piiuum.u^ ii tiu^i wi iu\-u 1>Y v tu;. UlllL, J> - 111 1 LI "1 1 1 ^ pel LUC C U U UU 

carcinoma cell line, lane 6 - FJ-28 bladder carcinoma cell line. For 1 2d : 
10 lane 1 - SK-hep-1 human hepatoma cell line, lane 2 - DAMI human 
megakaryocyte cell line, lane 3 - DAMI cell line -t PMA. lane 4 - CHRF 
cell line + PMA, lane 5 - CHRF cell line. For 12c: lane 1 - ABAF bovine 
aortic endothelial cells, lane 2 - 1063 human ovarian cell line, lane 3 - 
human breast carcinoma MDA435 cell line, lane 4 - human breast 
15 carcinoma MDA231 cell line. 

FKi. 13 presents a comparison between nucleotide sequences of the 
human hpa and a mouse I S T cDNA fragment (SFQ II) NO: 12) which is 80 
°o homologous to the 3' end (starting at nucleotide 1066 of SI O II) N():9) 
of the human hpa. The aligned termination codons are underlined. 

.''i FKi. 14 demonstrates the chromosomal localization of the hna <_vne 

I J \ \ w i 1 1 , 1 1 1 1 - k i . 1 1 1 v > i i ^ c a ; u 1 1 1 i 1 1 1 k i [ i x * i . •> v ; v p , 1 1 v 1 1 e U < > i i 1 1 . ■ » a -j a r o ^ c ^ ^' 1 



following amplification with hpa specific primers. l ane 1 - Lambda DNA 
digested with BstYM. lane 2 - no DNA control, lanes 3 29. PCR 
amplification products, fanes 3-5 human, mouse and hamster genomic 
DNA. respectively. Lanes 6-29. human monoehromosomal somatic cell 
hybrids representing chromosomes 1-22 and X and Y, respectively. Lane 
30 - Lambda DNA digested with BstYM. An amplification product of 
approximately 2.8 Kb is observed only in lanes 5 and 9, representing human 
genomic 1) N A and DNA derived I r o m cell h y b r i d c a rry nig h u rn ti n 
chromosome 4, respectively. These results demonstrate that the hpa gene is 
localized in human chromosome 4. 

I Ki. 15 demonstrates the genomic exon-intron structure of the 
human hpa locus (top) and the relative positions of the lambda clones used 
as sequencing templates to sequence the locus (below). The vertical 
rectangles represent exons (L) and the horizontal lines therebetween 
represent introns (I), upstream (I J) and downstream (D) regions. 
Continuous lines represent DNA fragments, which were used for sequence 
analysis. The discontinuous line in lambda 6 represent a region, which 
overlaps with lambda X and hence was not analyzed. 1 he plasmid contains 
a PCR product, which bridges the gap between L3 and L6. 

I Id. 10 presents the nucleotide sequence of the genomic region of 
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the nucleotide sequence. Two predicted transcription start sites are shown 
in bold. 

1 17 presents an alignment of the amino acid sequences of human 
heparanase. mouse and partial sequences of rat homologues. The human 
5 and the mouse sequences were determined by sequence analysis of the 
isolated eDNAs. 1 he rat sequence is derived from two different I {SI 
clones, which represent two different regions (5* and 3') of the rat hpa 

a i u . i . . i *u *u., ... — j 
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homologues, which are identical to the human sequence, appear in bold. 

10 FIG. 18 presents a heparanase Zoo blot, fen micrograms of genomic 

DNA from various sources were digested with EcoRl and separated on 0.7 
% agarose - I BF gel. Following electrophoresis, the was gel treated with 
MCI and than with NaOl 1 and the DNA fragments were downward 
transferred to a nylon membrane (Ilybond N+, Amersham) with 0.4 N 

15 NaOM. The membrane was hybridized with a F6 Kb DNA probe that 
contained the entire hpa cDNA. Fane order: II Human; M Mouse; Kt 
Rat; P Fig: Cw Cow; Mr Morse; S Sheep: Rb Rabbit; I) Dog: Ch 
Chicken; 1* Fish. Size markers (Fambda HsicW) are shown on the left 

ITCi. 1 9 demonstrates the secondary structure prediction for 

2o heparanase performed using the FMD server Profile network Prediction 




predicted as the proton donor is marked by asterisk and the possible 
nucleophiles are underlined. 

DESCRIPTION OF 11 1H PKKI TK Rl 1) HMBODIMKN 1 S 
5 The present invention is of a polynucleotide or nucleic acid, referred 

to hereinbelow interchangeably as hpa. hpa cDNA or hpa gene or identified 
by its SHQ ID NOs, encoding a polypeptide having heparanasc activity, 
\ ectors or nucleic acid constructs including same and which arc used lor 
over-expression or antisense inhibition of heparanasc, genetically modified 
10 cells expressing same, recombinant protein having heparanasc activity, 
antisense oligonucleotides and ribozymes for heparanasc modulation, and 
heparanasc promoter sequences which can be used to direct the expression 
of desired genes. 

Before explaining at least one embodiment of the invention in detail, 
15 it is to be understood that the invention is not limited in its application to the 
details of construction and the arrangement of the components set forth in 
the following description or illustrated in the drawings. The invention is 
capable of other embodiments or of being practiced or carried out in various 
ways. Also, it is to be understood that the phraseology and terminologx 
:u employed herein is for the purpose of description and should not be 




Cloning of the human and mouse hpa genes. cDNAs and genomic 
sequence (tor human), encoding heparanase and expressing recombinant 
heparanase by transfected cells is reported herein. These are the first 
mammalian heparanase genes to be cloned. 
> A purified preparation of heparanase isolated from human hepatoma 

cells was subjected to tryptic digestion and microsequencing. 

1 he YCiPDVGQPR (SHQ II) N():8) sequence revealed was used to 
screen PS I databases lor homology to the corresponding back translated 
DNA sequences. Two closely related HST sequences were identified and 
10 were thereafter found to be identical. 

Both clones contained an insert of 1020 bp which includes an open 
reading frame of 973 bp followed by a 3' untranslated region of 27 bp and a 
Poly A tail, whereas a translation start site was not identified. 

Cloning of the missing V end was performed by PCR amplification 
15 of DNA from placenta Marathon RACP cDNA composite using primers 
selected according to the I .S I clones sequence and the linkers of the 
composite. 

A 900 bp PCR fragment, partially overlapping with the identified 3' 
encoding f ST clones was obtained. The joined cDNA fragment [hpci). 
^<> 1721 bp long (SfO II) N():9h contained an open reading frame which 
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amino acids (SFQ II) NO: 10) with a calculated molecular weight of 6 1.192 
daltons. 

A single nucleotide difference at position 799 (A to I ) between the 
I S 1 clones and the PCR amplified eDNA was observed. 1 his difference 
5 results in a single amino acid substitution (Tyr to Phe) ( f igure 1 ). 
Furthermore, the published FST sequences contained an unidentified 
nucleotide, which follow ing DNA sequencing of both the FIST clones was 
resolv ed into two nucleotides ((} and C ai positions i 630 and I 63 i in SiiQ 
ID NO:9, respectively). 

l() The ability of the hpa gene product to catalyze degradation of 

heparan sulfate in an in vitro assay was examined by expressing the entire 
open reading frame in insect cells, using the Baculovirus expression system. 

Extracts and conditioned media of cells infected with virus 
containing the hpa gene, demonstrated a high level of heparan sulfate 

15 degradation activity both towards soluble FCM-derived IISFCi and intact 
F'.CM. which was inhibited by heparin, while cells infected with a similar 
construct containing no h/h/ gene had no such activitv. nor did non-infected 
cells. 

The expression pattern of hpa RNA in various tissues and cell lines 
:<> was investigated using RT-IVK. It was found to be expressed only in 




Cloning an extended 5' sequence was enabled from the human 
SK-hepl cell line by PCR amplification using the Marathon RA(T\ The 5' 
extended sequence of the SK-hepl hpa eDNA was assembled with the 
sequence of the hpa cl)NA isolated from human placenta (SHQ ID N():9). 
5 The assembled sequence contained an open reading frame. SHQ ID NOs: 13 
and 15. which encodes, as shown in SHQ ID NOs: 14 and 15. a polypeptide 
of 592 amino acids, with a calculated molecular weight of 66.407 daltons. 
1 Ins open reading Ira me was show n to direct the expression ot catalytic ally 
active heparanase in a mammalian cell expression system. The expressed 
10 heparanase was detectable by anti heparanase antibodies in Western blot 
analysis. 

A panel of monochromosomal human/CIK) and human/mouse 
somatic cell hybrids was used to localize the human heparanase gene to 
human chromosome 4. The new ly isolated heparanase sequence can 
15 there tore be used to identify a chromosome region harboring a human 
heparanase gene in a chromosome spread. 

1 he hpa eDNA was then used as a probe to screen a a human 
genomic library. Several phages were positive. These phages were 
analyzed and were found to cover most of the hpa locus, except for a small 
2n portion which was recovered by bridging I't'R. The hpa locus covers about 



RT-PCR performed on a variety of eells revealed alternatively 
splieed hpa transeripts. 

The amino aeid sequence of human heparanase was used to search 
for homologous sequences in the DNA and protein databases. Several 
human f S Ts were identified, as well as mouse sequences highly 
homologous to human heparanase. The following mouse f S Ts were 
identified AM 7790 f AA674378, AA67997. AA047943. AA690179. 
A! 122034. a!! sharing an identical sequence and correspond to amino acids 
336-543 of the human heparanase sequence. The entire mouse heparanase 
cDNA was cloned, based on the nucleotide sequence of the mouse KST's 
using Marathon cDNA libraries. The mouse and the human hpa genes share 
an av erage homology of 78 % between the nucleotide sequences and 81 % 
similarity between the deduced amino aeid sequences. hpa homologous 
sequences from rat were also uncovered (EST's AI060284 and AI237828). 

Homology search of heparanase amino acid sequence against the 
DNA and the protein databases and prediction of its protein secondary 



structure enabled to identify candidate amino acids that participate in the 
heparanase active site. 

Expression of hpa antisense in mammalian cell lines resulted in 
about five fold decrease in the number of recoverable cells as compared to 
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Human I/pa cDNA w as show n to hybridi/.e w ith genomic DNAs of a 
variety of mammalian species and with an avian. 

The human and mouse hpa promoters were identified and the human 
promoter w as tested positive in directing the expression of a reporter gene. 
5 Thus, according to the present invention there is provided an isolated 

nucleic acid comprising a genomic, complementary or composite 
polynucleotide sequence encoding a polypeptide having heparanase 
catalytic activity . 

The phrase "composite polynucleotide sequence" refers to a sequence 
io which includes exonal sequences required to encode the polypeptide having 
heparanase activity, as well as any number of intronal sequences. 1 he 
intronal sequences can be of any source and typically will include conserved 
splicing signal sequences. Such intronal sequences may further include cis 
acting expression regulatory elements. 
15 The term "heparanase catalytic activity" or its equivalent term 

"heparanase activity" both refer to a mammalian endogh cosidase 
hydroly/ing activity which is speci tic for heparan or heparan sul fate 
proteoglycan substrates, as opposed to the activity of bacterial enzymes 
(heparinase I. 11 and 111) which degrade heparin or heparan sulfate by means 
2o of [^-elimination ( 37 ). 
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42. 43 or a portion thereof at 68 °C in 6 \ SSC. 1 % SDS. 5 x Denharts. 10 
°o dextran sulfate. 100 jag ml salmon sperm DNA. and ^2p labeled probe 
and wash at 68 C C with 3. 2. 1. 0.5 or 0.1 x SSC and 04 % SDS. 

According to another preferred embodiment of the present invention 
the polynucleotide or a portion thereof is at least 60 %. preferably at least 65 
%. more preferably at least 70 %, more preferably at least 75 %. more 
preferably at least 80 -o. more preferably at least 85 %. more preferably at 

i _ _ i f\s\ n / _ _ . _ a _ _ r i_ i _ r\ ~ j <\ t \ n ■ i ...*:..„ i M. i s \ 1 1 a \!/ , \„. i\ 1 ~> 

icasi yyf o, inosi pieiciauiv, vj-iuv; o lutiiuiai wiiu or.v^/ ilj inv;>. v, u. 
42. 43 or portions thereof as determined using the Bestfit procedure of the 
DNA sequence analysis software package developed by the Genetic 
Computer Group (GCG) at the university of Wisconsin (gap creation 
penalty - 12. gap extension penalty - 4 - w hich arc the default parameters). 

According to another preferred embodiment of the present invention 
the polypeptide encoded by the polynucleotide sequence is as set forth in 
SI:Q ID N()s:l(). 14, 44 or portions thereof having heparanase catalytic 
activity. Such portions are expected to include amino acids Asp-Glu 
224-225 <SI O II) N():10). which can serve as proton donors and glutamic 
acid 343 or 306 which can serve as a nucleophile. 

According to another preferred embodiment of the present invention 
the polypeptide encoded by the polynucleotide sequence is at least 60 °<>. 




more preferably at least 90 %. most preferably. 95-100 % homologous (both 
similar and identical acids) to S\ : i) II) NOs: 10. 14. 44 or portions thereof as 
determined with the Smith-Waterman algorithm, using the Bioaccelerator 
platform developed by Compugene (gapop: 10.0. gapext: 0.5. matrix: 
5 blosum62. see also the description to f igure 17). 

f urther according to the present invention there is provided a nucleic 
acid construct comprising the isolated nucleic acid described herein. The 
construct may and preferably further include an origin of replication and 
trans regulatory elements, such as promoter and enhancer sequences. 

io The construct or vector can be of any type. It may be a phage which 

infects bacteria or a virus which infects eukaryotie cells. It may also be a 
plasmid. phagemid. cosmid. bacmid or an artificial chromosome. 

f urther according to the present invention there is provided a host 
cell comprising the nucleic acid construct described herein. The host cell 

i > can be of any type. It may be a prokaryotic cell, an eukaryotie cell, a cell 
line, or a cell as a portion of an organism. The polynucleotide encoding 
heparanase can be permanent!} or transientb present in the cell. In other 
words, genetically modified cells obtained following stable or transient 
transfection. transformation or transduction are all within the scope ol the 

2o present invention. The polynucleotide can be present in the cell in low copy 
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integrated in one or more chromosomes at any location or he present as an 

extrachromosomal material. 

The present invention is further directed at providing a heparanase 

over-expression system w hich includes a cell overexpressing heparanase 
? catalytic activity. The cell may he a genetically modified host cell 

transiently or stably transleeted or transformed with any suitable vector 

which includes a polynucleotide sequence encoding a polypeptide having 

heparanase activity and a suitable promoter and enhancer sequences to 

direct over-expression of heparanase. However, the overexpressing cell 
10 may also be a product of an insertion (e.g., via homologous recombination) 

of a promoter and/or enhancer sequence downstream to the endogenous 

heparanase gene of the expressing cell, which will direct over-expression 

from the endogenous gene. 

The term "over-expression" as used herein in the specification and 
15 claims below refers to a lev el of expression which is higher than a basal 

level of expression typically characterizing a given cell under otherwise 

identical conditions. 

According to another aspect the present invention provides an 

antisense oligonucleotide comprising a polynucleotide or a polynucleotide 
:<> analog of at least 10. preferably 11-15. more preferably 16-17. more 
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conditions, w ith a portion of a polynucleotide strand encoding a polypeptide 
having heparanase catalytic activity. The antisense oligonucleotide can he 
used for dow nregulating heparanase activity by /'// vivo administration 
thereof to a patient. As such, the antisense oligonucleotide according to the 
5 present invention can be used to treat types of cancers which are 
characterized by impaired (over) expression of heparanase, and are 
dependent on the expression of heparanase tor proliferating or forming 
n i e i a s i a s e s . 

The antisense oligonucleotide can be DNA or RNA or even include 
10 nucleotide analogs, examples of which are provided in the Background 
section hereinabove. The antisense oligonucleotide according to the present 
invention can be synthetic and is preferably prepared by solid phase 
synthesis. In addition, it can be of any desired length w hich still provides 
specific base pairing (e.g.. 8 or 10. preferably more, nucleotides long) and it 
]> can include mismatches that do not hamper base pairing under physiological 
conditions. 

further according to the present invention there is provided a 
pharmaceutical composition comprising the antisense oligonucleotide 
herein described and a pharmaceutical^' acceptable carrier. The carrier can 
.?(» be. for example, a liposome loadable with the antisense oligonucleotide. 

; ■ : v ■■IL.'M-Ki^'iiu-. , i i i i i I v. i : - i v, i U u ^ ■ . i ; i i * 1 / * i I , ^ ujlk ii^V i I' I V. 
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ribozyme sequence serves to cleave a heparanase RNA molecule to which 
the antisense oligonucleotide hinds, to thereby downregulate heparanase 
expression. 

Further according to the present invention there is provided an 
5 antisense nucleic acid construct comprising a promoter sequence and a 
polynucleotide sequence directing the synthesis of an antisense RNA 
sequence of at least 10 bases being hybridizable in vivo, under physiological 
conditions, with a portion of a polynucleotide strand encoding a polypeptide 
having heparanase catalytic activity. Like the antisense oligonucleotide, the 

10 antisense construct can be used for downregulating heparanase activity by in 
vivo administration thereof to a patient. As such, the antisense construct, 
like the antisense oligonucleotide, according to the present invention can be 
used to treat types of cancers which are characterized by impaired (over) 
expression of heparanase. and are dependent on the expression of 

15 heparanase for proliferating or forming metastases. 

Thus, further according to the present invention there is provided a 
pharmaceutical composition comprising the antisense construct herein 
described and a pharmaceutically acceptable carrier. 1 he carrier can be, for 
example, a liposome loadable with the antisense construct. 

2u formulations for topical administration may include, but are not 
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powder or oily bases, thickeners and the like may he necessary or desirable. 
Coated condoms, stents, active pads, and other medical devices may also be 
useful. Compositions for oral administration include powders or granules, 
suspensions or solutions in water or non-aqueous media, sachets, capsules 
5 or tablets. Thickeners, diluents, flavorings, dispersing aids, emulsifiers or 
binders may be desirable, f ormulations for parenteral administration may 
include, but are not limited to. sterile aqueous solutions which may also 
contain bailers, diluents and other suitable additives. 

Dosing is dependent on severity and responsiveness of the condition 

10 to be treated, but will normally be one or more doses per day, week or 
month w ith course of treatment lasting from several day s to sev eral months 
or until a cure is effected or a diminution of disease state is achieved. 
Persons ordinarily skilled in the art can easily determine optimum dosages, 
dosing methodologies and repetition rates. 

\5 Further according to the present invention there is provided a nucleic 

acid construct comprising a polynucleotide sequence functioning as a 
promoter, the polynucleotide sequence is derived from SIO II) N( ):42 and 
includes at least nucleotides 2135-2635. preferably 2235-2635. more 
preferably 2335-2635. more preferably 2435-2635. most preferably 

:<» 25}5-2h}5 thereof, or SI O II) N():43 and includes at least nucleotides 
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follows to direct the synthesis of a reporter gene in transformed cells. Thus, 
further according to the present invention there is provided a method of 
expressing a polynucleotide sequence comprising the step of ligating the 
polynucleotide sequence downstream to either of the promoter sequences 
described herein. Heparanase promoters can be isolated from a variety of 
mammalian an other species by cloning genomic regions present 5' to the 
coding sequence thereof. This can be readily achievable by one ordinarily 
skilled in the art using the heparanase polvnucleoiides ueseiibed herein, 
which are shown in the Hxamples section that follows to participate in 
efficient cross species hybridization. 

f urther according to the present invention there is provided a 
recombinant protein comprising a polypeptide having heparanase catalytic 
activity. The protein according to the present invention include 
modifications known as post translational modifications, including, but not 
limited to. proteolysis (e.g.. removal of a signal peptide and of a pro- or 
preprotein sequence), methionine modification, gl\ cosy kit ion. alky hit ion 
(e.g.. meth\ lation h acel\lation. etc. .According to preferred embodiments 
the polypeptide includes at least a portion of Nf Q II) N()s:l(). 14 or 44. the 
portion has heparanase catalytic activity. According to preferred 
embodiments of the present invention the protein is encoded by any of the 
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invention there is provided a pharmaceutical composition comprising, as an 
active ingredient, the recombinant protein described herein. 

The recombinant protein max be purified by any conventional protein 
purification procedure close to homogeneity and/or be mixed with additives. 
5 The recombinant protein may be manufactured using any of the genetically 
modified cells described above, which include any of the expression nucleic 
acid constructs described herein. The recombinant protein may be in any 
form, it may be in a crystaiii/ed form, a dehydrated powder form or in 
solution. The recombinant protein may be useful in obtaining pure 
10 heparanase. which in turn may be useful in eliciting anti-heparanase 
antibodies, either poly or monoclonal antibodies, and as a screening active 
ingredient in an anti-heparanase inhibitors or drugs screening assay or 
system. 

f urther according to the present invention there is provided a method 
15 of identifying a chromosome region harboring a human heparanase gene in 
a chromosome spread, the method is executed implementing the following 
method steps, in which in a first step the chromosome spread (either 
interphase or metaphase spread) is hybridized with a tagged polynucleotide 
probe encoding heparanase. The tag is preferably a fluorescent tag. In a 
2o second step according to the method the chromosome spread is washed. 
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w herein detected signals being indicative of a chromosome region harboring 
the human heparanase gene. One ordinarily skilled in the art would know 
how to use the sequences disclosed herein in suitable labeling reactions and 
how to use the tagged probes to detect, using /// situ hybridization, a 
chromosome region harboring a human heparanase gene. 

Further according to the present invention there is provided a method 
of in vivo eliciting anti-heparanase antibodies comprising the steps of 
administering a nueieic acid construct including a polynucleotide segment 
corresponding to at least a portion of SHQ ID N()s:9. 13 or 43 and a 
promoter for directing the expression of said polynucleotide segment in 
vivo. Accordingly, there is provided also a DNA vaccine for in vivo 
eliciting anti-heparanase antibodies comprising a nucleic acid construct 
including a polynucleotide segment corresponding to at least a portion of 
SFQ ID NOs:9, 13 or 43 and a promoter for directing the expression of said 
polynucleotide segment in vivo. The vaccine optionally further includes a 
pharmaceutical^ acceptable carrier, such as a virus, liposome or an antigen 
presenting cell. Alternate el\ . the vaccine is einplovcd as a naked DNA 
vaccine 

The present invention can be used to develop treatments for various 
diseases, to develop diagnostic assays for these diseases and to provide new 
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Specifically, the present invention can be used to develop new drugs 
to inhibit tumor cell metastasis, inflammation and autoimmunity. The 
identification ol the hpa gene encoding lor the heparanase enzyme enables 
the production of a recombinant enzyme in heterologous expression 
5 systems. 

Furthermore, the present invention can be used to modulate 
bioavailability of heparin-binding growth factors, cellular responses to 
heparin-binding growth factors (e.g., bFGF, VFXiF) and cytokines (e.g., 
IL-8), cell interaction with plasma lipoproteins, cellular susceptibility to 

10 viral, protozoa and some bacterial infections, and disintegration of 
neurodegenerative plaques. Recombinant heparanase offers a potential 
treatment for wound healing, angiogenesis, restenosis, atherosclerosis, 
inflammation, neurodegenerative diseases (such as, for example, 
Genstmann-Straussler Syndrome. Creutzfeldt-Jakob disease. Scrape and 

15 Alzheimer's disease) and certain viral and some bacterial and protozoa 
infections. Recombinant heparanase can be used to neutralize plasma 
heparin, as a potential replacement of protamine. 

As used herein, the term "modulate" includes substantially inhibiting, 
slowing or reversing the progression of a disease, substantially ameliorating 

20 clinical symptoms of a disease or condition, or substantially prev enting the 
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Modulation of viral, protozoa and bacterial infections includes any effect 
which substantially interrupts, prevents or reduces any viral, bacterial or 
protozoa activity and/or stage of the virus, bacterium or protozoon life 
cycle, or which reduces or prevents infection by the virus, bacterium or 
5 protozoon in a subject, such as a human or lower animal. 

As used herein, the term "wound" includes any injury to any portion 
of the body of a subject including, but not limited to, acute conditions such 
as thermal burns, chemicai burns, radiation burns, burns caused by excess 
exposure to ultraviolet radiation such as sunburn, damage to bodily tissues 

10 such as the perineum as a result of labor and childbirth, including injuries 
sustained during medical procedures such as episiotomies. trauma-induced 
injuries including cuts, those injuries sustained in automobile and other 
mechanical accidents, and those caused by bullets, knives and other 
weapons, and post-surgical injuries, as well as chronic conditions such as 

15 pressure sores, bedsores, conditions related to diabetes and poor circulation, 
and all types of acne. etc. 

Anti-heparanase antibodies, raised against the recombinant enzyme, 
would be useful for immunodetection and diagnosis of micrometastases. 
autoimmune lesions and renal failure in biopsy specimens, plasma samples. 

2u anil bod\ fluids. Such antibodies may also serve as neutralizing agents for 
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The genomic heparanase sequences described herein can be used to 
construct knock-in and knock-out constructs. Such constructs include a 
fragment of 10-20 Kb of a heparanase locus and a negative and a positive 
selection markers and can be used to provide heparanase knock-in and 
s knock-out animal models by methods known to the skilled artisan. Such 
animal models can be used for studying the function of heparanase in 
developmental processes, and in normal as well as pathological processes. 
They can also serve as an experimental modei for testing drugs and gene 
therapy protocols. 1 he complementary heparanase sequence (el)NA) can 

10 be used to derive transgenic animals, overexpressing heparanase for same. 
Alternatively . if cloned in the antisense orientation, the complementary 
heparanase sequence (cDNA) can be used to derive transgenic animals 
under-expressing heparanase for same. 

The heparanase promoter sequences described herein and other cis 

15 regulator}' elements linked to the heparanase locus can be used to regulated 
the expression of genes. For example, these promoters can be used to 
direct the expression of a ototoxic protein, such as I NT. in tumor cells. It 
w ill be appreciated that heparanase itself is abnormally expressed under the 
control of its own promoter and other cis acting elements in a variety of 

2o tumors, and its expression is correlated with metastasis. It is also 
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introns, especially upstream introns include eis acting element w hich a fleet 
expression. A heparanase promoter fused to a reporter protein can be used 
to study/monitor its activity. 

The polynucleotide sequences described herein can also be used to 
5 provide DNA vaccines which will elicit in vivo anti heparanase antibodies. 
Such vaccines can therefore be used to combat inflammatory and cancer. 

Antisense oligonucleotides derived according to the heparanase 
sequences described herein, especially such oligonucleotides supplemented 
with ribozyme activity, can be used to modulate heparanase expression. 
10 Such oligonucleotides can be from the coding region, from the introns or 
promoter specific. Antisense heparanase nucleic acid constructs can 
similarly function, as well known in the art. 

The heparanase sequences described herein can be used to study the 
catalytic mechanism of heparanase. Carefully selected site directed 
15 mutagenesis can be employed to provide modified heparanase proteins 
having modified characteristics in terms of. for example, substrate 
specificit}. sensitivity to inhibitors, etc. 

While studying heparanase expression in a variety of cell types 
alternatively spliced transcripts were identified. Such transcripts if found 
?.n characteristic of certain pathological conditions can be used as markers for 
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Additional objects, advantages, and novel features of the present 
invention will become apparent to one ordinarily skilled in the art upon 
examination of the following examples, which are not intended to be 
limiting. Additionally , each of the various embodiments and aspects of the 
present invention as delineated hereinabove and as claimed in the claims 
section below finds experimental support in the following examples. 

EXAMPLES 

Generally, the nomenclature used herein and the laboratory 
procedures in recombinant DNA technology described below are those well 
known and commonly employed in the art. Standard techniques are used for 
cloning. DNA and RNA isolation, amplification and purification. Generally 
enzymatic reactions involving DNA ligase. DNA polymerase, restriction 
endonucleases and the like are performed according to the manufacturers' 
specifications. These techniques and various other techniques are generally 
performed according to Sambrook et al.. Molecular Cloning— A Laboratory 
Manual. Cold Spring Harbor Laboratory. Cold Spring Harbor. N.Y. ( I^S^). 
which is incorporated herein by reference. Other general references arc 
provided throughout this document. The procedures therein are believed to 
be w ell know n in the art and are provided for the convenience of the reader. 



The following protocols and experimental details are referenced in 
the I Examples that follow: 

Purification and characterization of heparanase from a human 
hepatoma cell line and human placenta: A human hepatoma cell line 
(Sk-hep-1) was chosen as a source for purification of a human 
tumor-derived heparanase. Purification was essentially as described in U.S. 
P at . N o . 5.362,641 t o I u k s . vvh \ c h is i n c o 1" j ) o i a t ed by i e 1 e i e 1 1 c c as 1 1 i u I ly s e i 
forth herein. Briefly. 500 liter, 5xl0 1! cells were grown in suspension and 
the heparanase enzyme was purified about 240.000 fold by applying the 
following steps: (i) cation exchange (CM-Sephadex) chromatography 
performed at pH 6.0. 0.3-1.4 M NaCl gradient; (ii) cation exchange 
(CM-Sephadex) chromatography performed at pH 7.4 in the presence of 
0.1% CHAPS. 0.3-1.1 M NaCl gradient; (iii) heparin-Sepharose 
chromatography performed at pi 1 7.4 in the presence of 0.1% CHAPS. 
0.35-1.1 M NaCl gradient: (iv) ConA-Sepharose chromatography performed 
at pH 6.0 in buffer containing 0.1 °<> CHAPS and 1 M NaCl. elution with 
0.25 M o-methyl mannoside; and (v) HPI.C cation exchange (Mono-S) 
chromatography performed at pH 7.4 in the presence of 0.1 % CHAPS. 
0.25-1 M NaCl gradient. 



tryptie digestion and reverse phase HPfC Tryptic peptides of the purified 
protein were separated by reverse phase 1 1 PLC 1 (C8 eolumn) and 
homogeneous peaks were subjected to amino acid sequence analysis. 

The purified enzyme was applied to reverse phase HPfC and 
5 subjected to N-terminal amino acid sequencing using the amino acid 
sequencer (Applied Biosystems). 

Cells: Cultures of bovine corneal endothelial cells (BCHCs) were 
established from steer eyes as previously described (19, 38). Stock cultures 
were maintained in DMHM (1 g glucose/liter) supplemented with 10 % 

10 newborn calf serum and 5 % FCS. bFGF (1 ng/ml) was added every other 
day during the phase of active cell growth (13. 14). 

Preparation of dishes coated with ECM: BCHCs (second to fifth 
passage) were plated into 4-well plates at an initial density of 2 x 10^ 
cells/ml. and cultured in sulfate-free f isher medium plus 5 % dextran 1-40 

15 for 12 days. Nay°S0 4 (25 |uCi ml) was added on day 1 and 5 after seeding 
and the cultures were incubated with the label without medium change. The 
subendothelial I CM was exposed h\ dissolving (5 min.. room temperature) 
the cell layer with PBS containing 0.5 % Triton X-100 and 20 mM NH a ()IF 
followed by four washes with PBS. The fX M remained intact, free of 

:o cellular debris and firmlv attached to the entire area of the tissue culture 
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To prepare soluble sulfate labeled proteoglycans (peak I material), 
the liCM was digested with trypsin (25 ug ml. 6 h. 37 °C ). the digest was 
concentrated by reverse dial) sis and the concentrated material was applied 
onto a Sepharose 6B gel filtration column. The resulting high molecular 
5 w eight material (Kav< 0.2. peak 1) w as collected. More than 80 % of the 
labeled material was shown to be composed of heparan sulfate 
proteoglycans (11, 39). 

. r^n., /i www~> c , — n 1 — 

conditioned media were incubated on top of 35 S-labcled IXM (18 h, 37 °C) 
10 in the presence of 20 mM phosphate buffer (pH 6.2). Cell lysates and 
conditioned media were also incubated with sulfate labeled peak I material 
( 10-20 jjI). 1 he incubation medium was collected, centrifuged (18.000 \ g m 
4 °C\ 3 min.), and sulfate labeled material analyzed by gel filtration on a 
Sepharose CL-6B column (0.9 x 30 cm), f ractions (0.2 ml) were eluted 
15 with PBS at a flow rate of 5 ml h and counted for radioactivity using 
Bio-fluor scintillation fluid. The excluded volume (V () ) was marked by 
blue dextran and the total included volume (\ ; t) by phenol red. The latter 
was shown to comigrate with free sulfate (7. 11, 23). Degradation fragments 
of IIS side chains were eluted from Sepharose 6B at 0.5 * Kav - 0.8 (peak 
-<) II) (7. 1 L 23). A nearly intact MSPCi released from I CM by trypsin - and. 
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ranged from 85 to 95 % in different experiments (11). Kach experiment was 
performed at least three times and the variation of elution positions (Kav 
values) did not exeeed * /- 15 °<>. 

Cloning of hp a cDNA: cDNA elones 257548 and 260138 were 
5 obtained from the I.M.A.CK Consortium (2130 Memorial Parkway SW, 
Ilunstville. AL 35801). 1 he cDNAs were originally cloned in KcolU and 
Notl cloning sites in the plasmid vector p i 3 T7I)-Pae. Although these 
clones aic repoited to he somewhat different, DNA sequencing 
demonstrated that these clones are identical to one another. Marathon 

10 RACK (rapid amplification of cDNA ends) human placenta (poly-A) cDNA 
composite was a gift of Prof. Yossi Shiloh of Tel Aviv University. This 
composite is vector free, as it includes reverse transcribed cDNA fragments 
to which double, partially single stranded adapters are attached on both 
sides. The construction of the specific composite employed is described in 

15 reference 39a. 

Amplification of hp3 PCR fragment was performed according to the 
protocol provided by Clontech laboratories. The template used for 
amplification was a sample taken from the above composite. The primers 
used for amplification were: 

2() first step: S'-primer: API : 5'-CCATCC I A A I AC( iAC I CAC I 
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Second step: neste 



;d S'-primcr: AP2: 5'-AC TCAC TA TACKiCiC I CG 



A(iC(i(;C-3\ Si:o II) N():3; nested 



primer: 



IIPP171: 



5 , -C,CATCfTAGCC(i IC II It TTC(i-3\ SIQ ID NO:4. The IIPP229 and 
IIPL171 were selected according to the sequence of the HST clones. They 

5 include nucleotides 933-956 and 876-897 of SI Q II) NO:9, respectively. 

PCR program was 94 °C - 4 min.. followed by 30 cycles of 94 °C - 
40 sec, 62 °C - 1 min., 72 °C - 2.5 min. Amplification was performed with 
hxpand High Fidelity (Boehringer Mannheim). The resulting ca. 900 bp 
hp3 PCR product was digested with Bfrl and PvuW. Clone 257548 (phpa\) 

10 was digested with EcoRl. followed by end tilling and was then further 
digested with Bfrl. Thereafter the PvuW - Bfrl fragment of the hp3 PCR 
product was cloned into the blunt end - Bfrl end of clone p/ipa\ which 
resulted in having the entire cDNA cloned in p I 3 I 7-pac vector, designated 
phpa2. 

15 RT-PCR: RNA was prepared using TRI-Reagent (Molecular 

research center Inc.) according to the manufacturer instructions. 1.25 fig 
were taken for reverse transcription reaction using MuMIA' Reverse 
transcriptase (Ciibeo RRI ) and Oligo (dl )]s primer. SPQ II) NO:5. 
(Promega). Amplification of the resultant first strand cDNA was 

2n performed with Taq polvmerasc (Promega). Ihe following primers were 
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nucleotides 372-394 in SI O ID N()s:9 or 11. 

HPL-229: 5'-G TAG VGA TGCCA TG TAAC IGAA TC-3\ SHQ II) NO:7. 
nucleotides 933-956 in SHQ ID NOs:9 or 1 1 . 

PCR program: 94 °C - 4 min., followed by 30 cycles of 94 °C - 40 
sec. 62 °C - 1 min., 72 °C - 1 min. 

Alternatively, total RNA was prepared from cell cultures using 
Tri-reagent (Molecular Research Center. Inc.) according to the 
manufacturer recommendation. Poly A+ RNA was isolated from total RNA 
using mRNA separator (Clontech). Reverse transcription was performed 
with total RNA using Superscript II (GibcoBRL). PCR was performed with 
Expand high fidelity (Boehringer Mannheim). Primers used for 
amplification were as follows: 

Hpu-685, 5*-GAGCAGCCAGGTGAGCCCAAGAT-3\ SHQ ID NO:24 
IIpu-355. S'-TTCGA I CCCAAGAAGGAA I CAAC-3\ SHQ ID NO:25 
IIpu 565. 5^-AGC I C I G I AGA f GTGC I ATACAC-3\ SHQ ID NO:26 
Hpl 967. 5^-TCAGA TGC\\AGCAGCAACTTTGGC-3\ SHQ ID NO:27 
IIpl 171. 5"-GCATC I I AGCC< » I CI I IC I ICC i-3\ SHQ ID N():2S 
Hpl 229, 5*-Ci I ACi 1 CiA 1 CiCCA 1 Ci 1 AAC I CiAA I C 1 -3". SHQ ID N():29 

PCR reaction was performed as follows: 94 C C 3 minutes, followed 
bv 32 cvcles of 94 °C 40 seconds. 64 °C 1 minute. 72 C 3 minutes, and one 
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Expression of recombinant heparanase in insect cells: Cells, High 
l ive and Sf21 insect cell lines were maintained as monolayer cultures in 
SI 900I1-SMV1 medium ((iibcoBRL). 

Recombinant Baculovirus: Recombinant virus containing the hpa 
> gene was constructed using the Bac to Bac system (GibcoBRF). The 
transfer vector pFastBac was digested with .SV//1 and Not\ and ligated with a 
1.7 kb fragment of phpal digested with Xhol and Notl. I he resulting 
plasmid was designated pFast///;<r/2. An identical piasmiu designated 
pFast///;a4 was prepared as a duplicate and both independently served for 

10 further experimentations. Recombinant bacmid was generated according to 
the instructions of the manufacturer with pFast/7/^/2, pFast/7/;<r/4 and with 
pFastBac. The latter served as a negative control. Recombinant bacmid 
DNAs were transfected into S121 insect cells. Five days after transfection 
recombinant viruses were harvested and used to infect High Five insect 

15 cells, 3 x 1() 6 cells in 1-25 tlasks. Cells were harvested 2 - 3 days after 
infection. 4 x H)' 1 cells were centriluged and resuspended in a reaction 
buffer containing 20 mM phosphate citrate buffer. 50 mM NaCl. Cells 
underwent three cycles of freeze and thaw and lysates were stored at -SO 
T. Conditioned medium was stored at 4 °C. 

?m Partial purification of recombinant heparanase: Partial 

I iCpai II i- NCplKlI i » u 1 1 i 1 1 I 1 1 1 v I 1 1 t'l i Mli'gl .Ipl i) U W h ^ w i' ; MipUvK\ 
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column gel filtration. Culture medium (150 ml) of S121 cells infected with 
pi hpa4 virus was subjected to heparin-Sepharose chromatography. Plution 
of 1 ml tractions was performed with 0.35 - 2 M NaCl gradient in presence 
of 0.1 % CHAPS and 1 mM DTI in 10 mM sodium acetate buffer, pll 5.0. 
5 A 25 ].[] sample of each fraction was tested for heparanase activity, 
lleparanase activity was eluted at the range of 0.65 - 1.1 M NaCl (fractions 
1 8-26. Figure 1 0a). 5 jlx I of each fraction was subjected to 1 5 % 
Sl)S-polyaer\ lamide gel electrophoresis tollowed by silver nitrate staining. 
Active fractions eluted from heparin-Sepharose (Figure 10a) were pooled 

io and concentrated (x 6) on YM3 cut-off membrane. 0.5 ml of the 
concentrated material was applied onto 30 ml Superdex 75 FPFC column 
equilibrated with 10 mM sodium acetate buffer, pll 5.0. containing 0.8 M 
NaCl. 1 mM DIP and 0.1 % CHAPS, f ractions (0.56 ml) were collected at 
a flow rate of 0.75 ml/min. Aliquots of each fraction were tested for 

15 heparanase activity and were subjected to SDS-polyacry lamide gel 
electrophoresis followed by silver nitrate staining (Figure 1 lb). 

PCR amplification of genomic DX i: 04 C 3 minutes, followed by 
32 cycles of 04 °C 45 seconds. 64 °C 1 minute. 68 °C 5 minutes, and one 
cycle at 72 °C. 7 minutes. Primers used for amplification of genomic DNA 

:u included: 



U M p I - i o * li \ i K id! i u I \Hi \i i i i * i ^ . s t < j \ \ ) \ t » . > i 
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Screening of genomic libraries: A human genomic library in 
l ambda phage PMBhP3 SP6 17 (Clontech, Paulo Alto. CA) was screened. 
5 x 1(P plaques were plated at 5 x 10^ plu plate on N/CYM agar top 
agarose plates. Phages were absorbed on nylon membranes in duplicates 
> (Qiagen). Hybridization was performed at 65 °C in 5 \ SSC, 5 x Denharf s, 
10 % dextran sulfate. 100 jag/ml Salmon sperm, 32p labeled probe (10^ 
cpm/ml). A 1.6 kb fragment, containing the entire hpa cDNA was labeled 
by i a i i d o n i j > i i i n 1 1 i g ( 1 > o e 1 1 1 1 n ge i N 1 a i i i i 1 "i c i m ) . I o 1 1 o w i n g hy b n u i zat i on 
membranes were washed once with 2 x SSC, 0.1 % SDS at 65 °C for 20 
io minutes, and twice with 0.2 x SSC, 0.1 % SDS at 65 °C for 15 minutes. 
Hybridizing plaques were picked, and plated at 100 pfu/plate. 
Hybridization was performed as above and single isolated positive plaques 
were picked. 

Phage DNA was extracted using a Lambda DNA extraction kit 
15 (Qiagen). DNA was digested with Xho\ and EcoR\. separated on 0.7 % 
agarose gel and transferred to nylon membrane I lybond KM (Amersham). 
1 lybridi/ation and washes were performed as above. 

cDXA Sequence analysis: Sequence determinations were performed 
with vector specific and gene specific primers, using an automated DNA 
2o sequencer (Applied Bios\ stems, model 3 73 A), bach nucleotide was read 




Genomic sequence analysis: l arge-scale sequencing was performed 
by Commonwealth Biotechnology Incorporation. 

Isolation of mouse hpa: Mouse hpa cl)NA was amplified from 
either Marathon ready cDNA library of mouse embryo or from mRNA 
5 isolated from mouse melanoma cell line BL6, using the Marathon RAO: kit 
from Clontech. Both procedures were performed according to the 
manufacturer's recommendation. 

Primers used for FCK amplification of mouse hpa: 
Mhpl773 5'-CCACAC TGAA TG 1 AA 1 AC TGAAGTG-3\ SHQ ID NO:32 
io MHpl736 5^-CGAAGC 1 C TGGAAC 1 CGGCAAG-3\ SHQ ID N():33 
MHpl83 5'-(iCCAGCTGCAAA(]GT(iT'r(iGAC-3\ SHQ IDNO:34 
Mhpll52 5"-AACACCTGCCTCATCACGACTTC-3\ SHQ ID N():35 
Mhpll 14 5"-GCX'AGGCTGGCCrrCGATGGTGA-3\ SHQ ID NO:36 
MIIpll03 5"-G I CGA TGGTGA TGGACAGGAAC-3\ SHQ 113 N():37 
15 Apl 5"-GTAATACXJACTCACTATAGGGC-3\ SHQ ID NO:38 - 
(Genome walker) 

Ap2 5 "-AC 1 i A I AGGGCACGCG TGG SHQ ID \( >:.^ - 
(Genome walker) 

Apl 5*-CCA TCC I AA I ACGAC I CAC TA I AGGGC-3\ SHQ ID NO:4() - 
?i) (Marathon RACI ; ) 

i MaratiU'i) K.\( 1 i 



Southern analysis of genomic DSA: Genomic DNA was extracted 
from animal or from human blood using Blood and cell culture DNA maxi 
kit (Qiagene). DNA was digested with EcoRl* separated by gel 
electrophoresis and transferred to a nylon membrane Ilybond N + 
(Amersham). Hybridization was performed at 68 °C in 6 x SSC\ 1 % SDS. 
5 x Denharts, 10 % dextran sulfate. 100 pg/ml salmon sperm DNA. and 32p 
labeled probe. A 1.6 kb fragment, containing the entire hpa cDNA was 
used as a probe, f ollowing hybridization, the membrane was washed with 3 
x SSC\ 0.1 % SDS, at 68 °C and exposed to X-ray film for 3 days. 
Membranes were then washed with 1 x SSC. 0.1 % SDS. at 68 °C and were 
reexposed for 5 days. 

Construction of hpa promoter-GFP expression vector l ambda 
DNA of phage L3, was digested with Sad and Bglll, resulting in a 1712 bp 
fragment which contained the hpa promoter (877-2688 of SHQ ID NO:42). 
The pHGFP-l plasmid (Clontech) was digested with BglU and Sad and 
ligated with the 1712 bp fragment of the hpa promoter sequence. The 
resulting plasmid was designated phplCil . A second hpa promoter-( if T 
plasmid w as constructed containing a shorter fragment of the hpa promoter 
region: phplXib was digested with IluutXW. and the resulting 1095 bp 
fragment ( nucleotides 1593-2688 of SIO 11) N():42) was ligated with 
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Computer analysis of sequences: I lomology searches were 
performed using several computer servers, and various databases. Blast 2.0 
service, at the NCBI server was used to screen the protein database swplus 
and DNA databases such as (ienliank. FMBF, and the I ^ S I databases. 
5 Blast 2.0 search was performed using the basic search option of the NCBI 
server. Sequence analysis and alignments were done using the DNA 
sequence analysis software package developed by the Genetic Computer 
Group (GCG) at the university of Wisconsin. Alignments of two sequences 
were performed using Bestflt (gap creation penalty - 12, gap extension 

10 penalty - 4). Protein homology search was performed with the 
Smith-Waterman algorithm, using the Bioaccelerator platform developed by 
Compugene. The protein database swplus was searched using the following 
parameters: gapop: 10.0. gapext: 0.5, matrix: blosum62. Blocks homology 
was performed using the Blocks WWW server developed at Fred 

\5 Hutchinson Cancer Research Center in Seattle, Washington. USA. 
Secondary structure prediction was performed using the PHI) server 
Profile network Prediction Heidelberg. Fold recognition (threading) was 
performed using the UCFA-DOF structure prediction server. 1 he method 
used for prediction was gonnet + predss. Alignment of three sequences was 

20 performed using the pileup application (gap creation penalty - 5. gap 
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TSSG programs (HCM Search Launcher Human Genome Center. Baylor 
College of Medicine. Houston I X). 

EXAMPLE 1 
Cloning of human hpa cD\A 

Purified traction of heparanase isolated from human hepatoma cells 
(SK-hep-1) was subjected to tryptic digestion and microsequencing. EST 
([Expressed Sequence lag) databases were screened for homology to the 
back translated DNA sequences corresponding to the obtained peptides. 
Two EST sequences (accession Nos. N41349 and N45367) contained a 
DNA sequence encoding the peptide YGPDVGQPR (SEQ ID NO:8). 
These two sequences were derived from clones 257548 and 260 138 
(EM.A.G.E Consortium) prepared from 8 to 9 weeks placenta cDNA library 
(Soares). Both clones which were found to be identical contained an insert 
of 1020 bp which included an open reading frame (ORE) of 973 bp 
followed by a 3' untranslated region of 27 bp and a Poly A tail. No 
translation start site ( A I r ( i ) was identified at the 5' end of these clones. 

Cloning of the missing 5' end was performed by PCR amplification 
of DNA from a placenta Marathon RACE cDNA composite. A 900 bp 
fragment ( designated hp3 ). partially overlapping with the i den tilled .V 
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The joined cDNA fragment. 1721 bp long (SfQ II) N():9). contained 
an open reading frame which encodes, as shown in Figure 1 and SfQ II) 
NO: 1 f a polypeptide of 543 amino acids (SfQ II) NO: 10) with a calculated 
molecular weight of 6 f 192 daltons. The 3' end of the partial cDNA inserts 
5 contained in clones 257548 and 260138 started at nucleotide (i 721 of SfQ 
ID NO:9 and f igure 1. 

As further shown in figure f there was a single sequence 

w i i w jvcn iv^v i 'v. i * > v. v. i i ujc i^lj i wivnico miu uiv i v i v tiiiij/iiiiv^vi j\_vjv»ciivv. 

which led to an amino acid substitution from Tyr 2 * 6 in the HST to Phe 246 in 
io the amplified cDNA. The nucleotide sequence of the PCR amplified cDNA 
fragment was verified from two independent amplification products. The 
new gene was designated hpa. 

As stated above, the 3' end of the partial cDNA inserts contained in 
HST clones 257548 and 260138 started at nucleotide 721 ofhpa (SFQ ID 
15 NO:9). The ability of the hpa cDNA to form stable secondary structures, 
such as stem and loop structures involving nucleotide stretches in the 
vicinity of position 7 21 w as investigated using computer modeling. It was 
found that stable stem and loop structures are likely to be formed involving 
nucleotides 698-724 (SfQ II) N():9). In addition, a high GO content, up to 
2d 70 °o. characterizes the 5' end region of the hpa gene, as compared to about 





86 



To examine the ability of the hpa gene product to catalyze 
degradation of heparan sulfate in an /// vitro assay the entire open reading 
frame was expressed in insect cells, using the Baculovirus expression 
system. Extracts of cells, infected with virus containing the hpa gene, 
demonstrated a high level of heparan sulfate degradation activity, while 
cells infected with a similar construct containing no hpa gene had no such 
activity, nor did non-infected cells. These results are further demonstrated 
in the follow nig Kxaiiiples. 



Monolayer cultures of High Five cells were infected (72 h, 28 °C) 
with recombinant Bacoluvirus containing the pFast/z/w plasmid or with 
control virus containing an insert free plasmid. The cells were harvested 
15 and lysed in heparanase reaction buffer by three cycles of freezing and 
thawing. The cell lysates were then incubated (18 h. 37 °C) with sulfate 
labeled. I-C'M-derived IlSPCi (peak I), followed by gel nitration analysis 
(Sepharose 6B) of the reaction mixture. 

As shown in f igure 2. the substrate alone included almost entirely 
:<> high molecular weight (Mr) material eluted next to V 0 (peak I, fractions 



10 



EXAMPLE 2 



Degradation of soluble ECM-derived I/SPG 



i V 1 
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virus. In contrast, incubation of the IISPG substrate with lysates of cells 
infected with the hpa containing virus resulted in a complete conversion of 
the high Mr substrate into low Mr labeled degradation fragments (peak II, 
fractions 22-35, 0.5 < Kav < 0.75). 
5 f ragments eluted in peak II were shown to be degradation products 

of heparan sulfate, as the) were (i) 5- to 6-fold smaller than intact heparan 
sulfate side chains (Kav approx. 0.33) released from IiCM by treatment with 
either a I k a 1 1 1 i e b o r o 1 ~\ y d r \ d c o r p a p a in: and (\\) r c s i s 1 a n t to i u rt h c r dig c s 1 1 o n 
with papain or ehondroitinase ABC and susceptible to deamination by 

10 nitrous acid (6, 11). Similar results (not shown) were obtained with 

Sf21 cells. Again, heparanase activity was detected in cells infected with 
the hpa containing virus (pl : hpa) m but not with control virus (pF). This 
result was obtained with two independently generated recombinant viruses. 
Lysates of control not infected High Five cells failed to degrade the HSPCi 

15 substrate. 

In subsequent experiments, the labeled HSPCi substrate was 
incubated with medium conditioned by infected High Five or SI2 1 cells. 

As shown in f igures 3a-b. heparanase activity, rellected by the 
conversion of the high Mr peak I substrate into the low Mr peak II which 
2o represents HS degradation fragments, was found in the culture medium of 




88 

pl ; l or pi 2 viruses. No heparanase activity was detected in the culture 
medium of control non-infected High Five or S121 cells. 

The medium of cells infected with the \)YlipcA virus was passed 
through a 50 kl)a cut of f membrane to obtain a crude estimation of the 
5 molecular w eight of the recombinant heparanase enzyme. As demonstrated 
in figure 4. all the enzymatic activity was retained in the upper 
compartment and there was no activity in the flow through (<50 kDa) 

.««4 i 'i, :,, - i* : + *i i i :„u# ,,^*u„ 
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hpa gene product. 

H) In order to further characterize the hpa product the inhibitory effect 

of heparin, a potent inhibitor of heparanase mediated IIS degradation (40) 
was examined. 

As demonstrated in f igures 5a-b. conversion of the peak I substrate 
into peak II IIS degradation fragments was completely abolished in the 
15 presence of heparin. 

Altogether, these results indicate that the heparanase enzyme is 
expressed in an active form by insect cells infected with Haculovirus 
containing the newly identified human hpa gene. 
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EXAMPLE 3 
Degradation of I/SPG in intact ECM 

Next, the ability of intact infected insect ceils to degrade IIS in 
intact, naturally produced l:CM was investigated. For this purpose. High 
5 Five or S121 cells were seeded on metabolically sulfate labeled FCM 
followed by infection (48 h, 28 °C) with either the p\ : hpa4 or control pF2 
viruses. I he pll of the medium was then adjusted to pi I 6.2-6.4 and the 
cells further incubated with the iabeied FCM for another 48 h at 28 "C or 24 
h at 37 °C. Sulfate labeled material released into the incubation medium 

10 was analyzed by gel filtration on Sepharose 6B. 

As show n in F igures 6a-b and 7a-b„ incubation of the FCM with cells 
infected with the control pF2 virus resulted in a constant release of labeled 
material that consisted almost entirely (>90%) of high Mr fragments (peak 
1) eluted with or next to V () . It was previously shown that a proteolytic 

15 activity residing in the FCM itself and/or expressed by cells is responsible 
for release of the high Mr material (6). I his nearly intact IlSPCi provides a 
soluble substrate for subsequent degradation by heparanase. as also 
indicated by the relatively large amount of peak 1 material accumulating 
when the heparanase enzyme is inhibited by heparin (6. 7. 12, f igure 9). On 

20 the other hand, incubation of the labeled FCM with cells infected with the 
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<Kav< 0.75). regardless of whether the infected cells were incubated w ith 
the HCM at 28 C or 37 C. Control intact non-infected SO 1 or High Five 
cells failed to degrade the l;CM IIS side chains. 

In subsequent experiments, as demonstrated in f igures 8a-b. High 
Five and SOI cells were infected (96 h. 28 °C) with p\ : hpa4 or control pf l 
viruses and the culture medium incubated with sulfate-labeled HCM. Low 
Mr HS degradation fragments were released from the HCM only upon 
incubation with medium conditioned by pI7///a4 infected cells. As shown in 
I : igure 9. production of these fragments was abolished in the presence of 
heparin. No heparanase activ ity was detected in the culture medium of 
control, non-infected cells. These results indicate that the heparanase 
enzyme expressed by cells infected with the p¥hpa4 virus is capable of 
degrading FIS when complexed to other macromolecular constituents (i.e. 
fibronectin. laminin, collagen) of a naturally produced intact HCM. in a 
manner similar to that reported for highly metastatic tumor cells or activated 
cells of the immune svstem (6. 7). 



KXAMPHK 4 
Purification of recombinant human heparanase 

I he recombinant heparanase was partially purified from medium of 



Supcrdcx 75 column (Figure 11a). A 63 kDa protein was observed, 
whose quantity, as was detected by silver stained SDS-poIyacry lamide gel 
electrophoresis, correlated with heparanase activity in the relevant column 
tractions (Figures 10b and 1 lb, respectively). This protein was not detected 
5 in the culture medium of cells infected w ith the control pFI virus and w as 
subjected to a similar fractionation on heparin-Sepharose (not shown). 
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Expression of the human hpa cDNA in various cell types, organs and 

10 tissues 

Referring now to Figures 12a-e. R I -PCR was applied to evaluate the 
expression of the hpa gene by various cell types and tissues, f or this 
purpose, total RNA was reverse transcribed and amplified. The expected 
585 bp long cDNA was clearly demonstrated in human kidney, placenta (8 

15 and 11 weeks) and mole tissues, as well as in freshly isolated and short 
termed (1.5-48 h) cultured human placental cytotrophoblastie cells (f igure 
12a). all known to express a high heparanase activity (41). 1 he hpa 
transcript was also expressed by normal human neutrophils (figure 12b). In 
contrast, there was no detectable expression of the hpa mRNA in embryonic 

2n human muscle tissue, thymus, heart and adrenal (f igure 12b). I he hpa gene 



breast carcinoma (435. 231), melanoma and megakaryocyte (l)AMl. 
CHRF) human cell lines (Figures 12d-e). 

The above described expression pattern of the hpa transcript was 
determined to be in a very good correlation with heparanase activity levels 
5 determined in various tissues and cell types (not shown). 

EXAMPLE 6 

i * c y — ./ _ j.' i .. . r\ \? 4 *\ /. 01^ /. / . - // 

i .M/iintua uj tut l wit it tiL n ^ tr//u uj iif/u Li/i Y/i j turn a nit tut i Lji\-ftej/ 1 lcii 

line 

10 The 5' end of hpa cDNA was isolated from human SK-hepl cell line 

by PCR amplification using the Marathon RACH (rapid amplification of 
cDNA ends) kit (Clontech). Total RNA was prepared from SK-hepl cells 
using the TRI-Reagent (Molecular research center Inc.) according to the 
manufacturer instructions. Fob A+ RNA was isolated using the mRNA 

15 separator kit (Cloneteeh). 

The Marahton RACF SK-hepl cDNA composite was constructed 
according to the manufacturer recommendations. First round of 
amplification was performed using an adaptor specific primer API: 
5'-CCATCCTAATAC(i ACTCACTATAGGGC-3', SFQ II) N():l, and a 

2<t hpa specific antisense primer hpl-629: 




subjected to a second round of amplification using an adaptor specific 
nested primer AP2: 5"-ACTCAC'I'ATACi(JCiCrC(iA(iCCi(iC , -3\ SIX) II) 
N():3. and a hpa specific ami sense nested primer hpl-666 
^'-ACiCiC'n rCiACJCCiC^CiCACiCA ro'. SKQ ID NO: 18, corresponding to 
5 nucleotides 83-63 of SI Q ID N():9. The PCR program was as follows: a 
hot start of 94 °C for I minute, followed by 30 cycles of 90 °C - 30 seconds, 
68 °C - 4 minutes. The resulting 300 bp DNA fragment was extracted from 
an agaiose gel and cloned into the vector pviFTvl- T Kasy (Pro mega). The 
resulting recombinant plasmid w as designated pHPSKl . 

io The nucleotide sequence of the pHPSKl insert was determined and it 

w as found to contain 62 nucleotides of the 5' end of the placenta hpa cDNA 
(SKQ ID N():9) and additional 178 nucleotides upstream, the first 178 
nucleotides of SKQ ID N()s:13 and 15. 

A single nucleotide discrepancy was identified between the SK-hepl 

15 cDNA and the placenta cDNA. The "T" derivative at position 9 of the 
placenta cDNA (SKQ II) N():9). is replaced by a "t"' derivative at the 
corresponding position 1 87 of the SK-hepl cDNA {S\ () II) NO: 13). 

I he discrepancy is likely to be due to a mutation at the >' end of the 
placenta cDNA clone as confirmed by sequence analysis of sevsral 

20 additional cDNA clones isolated from placenta, which like the SK-hepl 



The 5' extended sequence of the SK-hepl hpa cDNA w as assembled 
with the sequence of the hpa cDNA isolated from human placenta (SHQ II) 
N():9). The assembled sequence contained an open reading frame which 
encodes, as shown in S|{Q II) NC)s:14 and 15, a polypeptide of 592 amino 
5 acids with a calculated molecular weight of 66,407 daltons. 1 he open 
reading frame is Hanked by 93 bp 5' untranslated region (UTR). 

rv a mdi i/ n 

Isolation of the upstream genomic region of the hpa gene 

10 The upstream region of the hpa gene w as isolated using the Genome 

Walker kit (Clontech) according to the manufacturer recommendations. 
The kit includes five human genomic DNA samples each digested with a 
different restriction endonuclease creating blunt ends: EcoRV* Seal, Drah 
Pvull and Ssp\. 

15 The blunt ended DNA fragments are ligated to partially single 

stranded adaptors. The Genomic DNA samples were subjected to PGR 
amplification using the adaptor specific primer and a gene specific primer. 
Amplification was performed with hxpand High fidelity (Boehringer 
Mannheim). 

-<) A first round of amplification was performed using the apl primer: 




5*-AGGCTTCGAGCGCAGCAGCAIo\ SHQ ID NO: 18. corresponding 
to nucleotides 83 63 o! SHQ II) N():9. The PCR program was as follows: 
a hot start of 94 °C - 3 minutes, followed by 36 cycles of 94 °C - 40 
seconds. 67 °C - 4 minutes. 
5 The PCR products of the first amplification w ere diluted 1:50. One 

pi of the diluted sample was used as a template for a second amplification 
using a nested adaptor specific primer ap2: 

Cl A r lT A '1 1 A f~~* f ^ f * A / W V 1 I YV V I" Ti C 1 F f\ T I A M^.TA 1 I <~ . 

j - av^ i/ \ iavjvjvj^/v^-vjlvj i vjvj i - j , jlv/ ny iNvy.^u. cinu a tt^/u ^p^einw 

antisense primer hpl-690, 5'-C 1 I GGGC fCACC I GGC I GC fC-3\ SKQ II) 
10 NO:2K corresponding to nucleotides 62-42 of SHQ ID NO:9. The resulting 

amplification products were analyzed using agarose gel electrophoresis. 

f ive different PCR products were obtained from the five amplification 

reactions. A DNA fragment of approximately 750 bp which was obtained 

from the Ssp\ digested DNA sample was gel extracted. The purified 
15 fragment was ligated into the plasmid vector pGHM-T Hasy (Promega). 

The resulting recombinant plasmid was designated pGHP6905 and the 

nucleotide sequence of the lipa insert w as determined. 

A partial sequence of 594 nucleotides is shown in SHQ 11) N():l6. 

The last nucleotide in SHQ ID NO: 13 corresponds to nucleotide 93 in SHQ 
2o ID: 13. 1 he DNA sequence in SHQ ID NO: 16 contains the 5' region of the 

| . .WU i » '■ ^'iiLilii til*. | 1 i v 1 i i M ' i v i i ^ ^. i 1 ' i i !: 1 iilv - . . l , .... ^ M v 




EXAMPLE 8 



Expression of the 592 amino acids //PA polypeptide in a human 293 cell 



5 w as constructed by ligation of the 1 10 bp corresponding to the 5' end of the 
SK-hepl hpa cDNA with the placenta cDNA. More specifically the 
Marathon RACK - PCR amplification product of the placenta hpa DNA was 



&/d-digested pCil IP6905 plasmid. I he resulting plasmid was digested with 
10 Earl and AatW. The Earl sticky ends were blunted and an approximately 
280 bp Earl/b\unl-Aatl\ fragment was isolated. I his fragment was ligated 
with pV'dsthpa digested with EcoRl which was blunt ended using Klenow 
fragment and further digested with AatW. The resulting plasmid contained a 
1827 bp insert which includes an open reading frame of 1776 bp, 31 bp of 
15 3' UTR and 2 I bp of 5' UTR. I his plasmid w as designated pFastL/?/*:/. 

A mammalian expression vector was constructed to drive the 
expression of the 5 C >2 amino acids lieparanase polypeptide in human cells. 
1 he hpa cDNA was excised prom pfastL///^/ with /Aswllll and Xotl. 1 he 
resulting 1850 bp Bss\lll-Notl fragment was ligated to a mammalian 
2o expression vector pSI (Promega) digested with Mlu\ and AV>/I. The 



line 



The 592 amino acids open reading frame (SKQ ID N()s:13 and 15) 
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Transient expression of the 592 amino-acids heparanase was 
examined by western blot analysis and the enzymatic activity was tested 
using the gel shift assay. Both these procedures are described in length in 
U.S. Pat. application No. 09/071,739, tiled May K 1998, which is 
5 incorporated by reference as if fully set forth herein. Cells were harv ested 3 
days following transfection. Harvested cells were re-suspended in lysis 
buffer containing 150 mM NaCk 50 mM 'Iris pN 7.5, 1% Triton X-100, 1 
mM PIvISF and protease inhibitor cocktail (Boehringei Mannheim). 40 jug 
protein extract samples were used for separation on a SDS-PAGE. Proteins 

10 were transferred onto a PVDF Hybond-P membrane (Amersham). The 
membrane was incubated with an affinity purified polyclonal anti 
heparanase antibody, as described in U.S. Pat. application No. 09/071,739. 
A major band of approximately 50 kDa was observed in the transfected 
cells as well as a minor band of approximately 65 kDa. A similar pattern 

15 was observed in extracts of cells transfected with the pShpa as 
demonstrated in U.S. Pat. application No. 09 071.739. These two bands 
probably represent two forms of the recombinant heparanase protein 
produced by the transfected cells. 1 he 65 kl)a protein probably represents a 
heparanase precursor, while the 50 kDa protein is suggested herein to be the 

:o processed or mature form. 

p -N • . y \ / \ ] c l _ i I a 1 1 ^ I l' ^ I e O ^ c i i ^ a 1 1 - i e m ^\ 1 i 1 '« ..x i -Mini. , i > ^ i * v ^ n v \ l ; , , > . 
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transfeeted and of mock transfeeted cells were incubated overnight with 
heparin (6 fjg in each reaction) at 37 °C\ in the presence of 20 mM 
phosphate citrate buffer pi I 5.4. 1 mM CaCK 1 mM I) IT and 50 mM 
NaCl. Reaction mixtures were then separated on a 10 % poh aerylamide 
gel. The catalytic activity of the recombinant heparanase was clearly 
demonstrated by a faster migration of the heparin molecules incubated with 
the transtcctcd cell extract as compared to the control. Faster migration 
indicates the disappearance oi high molecular weight heparin molecules and 
the generation of low molecular w eight degradation products. 

EXAMPLE 9 
Chromosomal localization of the Itpa gene 
Chromosomal mapping of the hpa gene was performed utilizing a 
panel of monochromosomal human/CIIO and human/mouse somatic cell 
hybrids, obtained from the UK HGMP Resource Center (Cambridge. 
Fngland). 

40 ng of each of the somatic cell hybrid DNA samples were 
subjected to PCR amplification using the hpa primers: hpu505 
5*-AGC I C TG TAGA TG TGC TA T ACAC-3\ SFQ ID NO:22. 
corresponding to nucleotides 504-586 of SFQ II) N():0 and an antisense 



90 

The PCR program w as as follows: a hot start of 94 °C - 3 minutes, 
follow ed by 7 cycles of 94 °C 45 seconds. 66 °C - 1 minute. 68 °C 5 
minutes, followed by 30 cycles of 94 °C - 45 seconds. 62 °C 1 minute. 68 
°C ■- 5 minutes, and a 10 minutes final extension at 72 °C. 

The reactions were performed with Fxpand long PCR (Boehringer 
Mannheim). The resulting amplification products were analyzed using 
agarose gel electrophoresis. As demonstrated in Figure 14, a single band of 

'innrAvim 'it*»K? ") Si. \f K ti'-u- /\Kt'i iniwl (V/ ,4i»-nt-v-»n«vM-v-i,i 1 ,w- n^Jl fj-j/^ 

uj/jyiv/.Yiinnivi^ -.Vi HUl) ^' (. ' IH I i I C VI 11V/111 Vlll ^ M 1 1 V. M V. M I J !>. T . \ \ I I Ci^t liV/lll 1 1 1 V- 

control human genomic DNA. A 2.8 kb amplification product is expected 
based on amplification of the genomic hpa clone (data not shown). No 
amplification products were obtained neither in the control DNA samples of 
hamster and mouse nor in somatic hybrids of other human chromosome. 



EXAMPLE 10 
Human genomic clone encoding heparanase 

Five plaques were isolated follow ing screening of a human genomic 
library and were designated I 3-1. 15-1. 1.8-1. I 10-1 and 16-!. The phage 
DNAs were analyzed by Southern hybridization and by PCR with hpa 
specific and vector specific primers. Southern analysis was performed with 
three fragments of hpa cDNA: a l\u\\-Bam\\\ fragment (nucleotides 
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SLQ II) N():9) and an Nt/e\-Xfm\ fragment (nucleotides 1103-1721. SLQ 
II) N():9). 

following Southern analysis, phages L3. L6, L8 were selected lV>r 
further analysis. A scheme of the genomic region and the relativ e position 
5 of the three phage clones is depicted in f igure 15. A 2 kb DNA fragment 
containing the gap between phages L6 and L3 was PCR amplified from 
human genomic DNA with two gene specific primers GHpuL3 and 

Vji 'pii.O. i Iiv i v_ iv j;iv>UUVl vvtui V1UJ1VU 1 1 1 tv7 11 1^ |Mcl311UU VK-^LWl 

pGLM- 1 -easy ( Promega). 

10 Large scale DNA sequencing of the three Lambda clones and the 

amplified fragment was performed with Lambda purified DNA by primer 
walking. A nucleotide sequence of 44.898 bp was analyzed (figure 16, 
SLQ ID NO:42). Comparison of the genomic sequence with that of hpa 
cDNA revealed 12 exons separated by 11 introns (figures 15 an 16). The 

15 genomic organization of the hpa gene is depicted in figure 15 (top). The 
sequence include the coding region from the first ATG to the stop eodon 
which spans 3 C U13 nucleotides. 2742 nucleotides upstream of the first 
AlCi and 3043 nucleotides downstream of the stop codon. Splice site 
consensus sequences were identified at exon intron junctions. 
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EXAMPLE 11 
. 1 (tentative splicing 

Several minor RT-PCR products were obtained from various cell 
types, following amplification with hpa specific primers. Hach one found to 
5 contain a deletion of one or two exons. Some of these PCR products 
contain ORf s, which encode potential shorter proteins. 

Table 1 below summarizes the alternative spliced products isolated 

iivyiii vuuutn ten lilies. 

Fragments of similar sizes were obtained following amplification 
10 with two cell lines, placenta and platelets. 

Cell type Nucleotides deleted Hxons deleted ORF 



20 



Platelets 1047-1267 8.9 

15 Platelets 1154-1267 9 

Platelets 289-435, 562-735 2. 4 

Sk-hcpl, platelets. Xr75 562-735 4 

Sk-hepl (hepatoma) 561-904 4. 5 

Zr75 (breast carcinoma) 96-203 1 (partial) 



EXAMPLE 12 



Mouse and rat lipa 

HST databases were screened lor sequences homologous to the hpa 
gene. Three mouse LST's were identified (accession No. Aal779()K from 
mouse spleen. Aa()(S7W7 from mouse skin. Aa47943 from mouse embryo). 



1 1 >5 bp ( MO 1 1 ) N( ): 1 2 ). An show ii in I - igurc 1 the coding region is SO n „ 
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similar to the 3' end of the hpa cDNA sequence. These HST's are probably 
cDNA fragments of the mouse hpa homolog that encodes for the mouse 
heparanase. 

Searching for consensus protein domains revealed an amino terminal 
5 homology between the heparanase and several precursor proteins such as 
Procollagen Alpha 1 precursor, Tyrosine-protein kinase-RYK, Fibulin-h 
Insulin-like growth factor binding protein and several others. The amino 

V i i 1 1 1 I i v+^i I lllt_,lllT ii^T^iv/jsltWl'l^ lillVI VV'IUUIIIl) 11 HiK> IllVllH'I UI1V 

domain. The homology to known signal peptide sequences suggests that it 
10 could function as a signal peptide for protein localization. 

The amino acid sequence of human heparanase was used to search 
for homologous sequences in the DNA and protein databases. Several 
human FST's were identified, as well as mouse sequences highly 
homologous to human heparanase. The following mouse KS'Fs were 
is identified AA1 77901, AA674378. AA67997. AA047943, AA690179, 
All 22034. all sharing an identical sequence and correspond to amino acids 
^6-543 of the human heparanase sequence. The entire mouse heparanase 
cDNA was cloned, based on the nucleotide sequence of the mouse I S 1 "s. 
PCR primers were designed and a Marathon RACF was performed using a 
2o Marathon cDNA library from 15 days mouse embryo (t'lontech) and from 



* 



amplified from mouse embryo Marathon eDNA library. The first cycle of 
amplification was performed with primers mhpl773 and Apl and the second 
cycle with primers mhpl736 and AP2. A 1.1 kb fragment was then 
amplified from BL6 Marathon cDNA library. The first cycle of 
5 amplification was performed with the primers mhpI152 and Apl, and the 
second with mhpl83 and AP2. The combined sequence was homologous to 
nucleotides 157 - 1702 of the human hpa cDNA, which encode amino acids 

^ c 1-3 ii,,. c - i ,.r m u , , r~^.„ « 

genomic DNA library using the Genome Walker kit (Clonteeh). An 0.9 kb 
10 fragment was amplified from a DrcA digested Genome walker DNA library. 
The tlrst cycle of amplification was performed with primers mhpll 14 and 
Apl and the second with primers mhpll03 and AP2. The assembled 
sequence (SHQ II) NOs:43. 45) is 2396 nucleotides long. It contains an 
open reading frame of 1605 nucleotides, which encode a polypeptide of 535 
15 amino acids (SHQ If) N()s:44. 45). 196 nucleotides of 3" untranslated 
region (UTR). and anupstream sequence which includes the promoter 
region and the 5'-( 1 TR of the mouse hpa cDNA.. According to two 
promoter predicting programs TSSW and 1 SSG. the transcription start site 
is localized to nucleotide 431 of SPQ II) N()s:43, 45. 163 nucleotides 
:o upstream of the tlrst A I G codon. The 43 1 upstream genomic sequence 
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averaue homoloszv of 78 % between the nucleotide sequences and 81 °o 
similarity between the deduced amino acid sequences. 

Search for hpa homologous sequences, using the Blast 2.0 server 
revealed two FS T\s from rat: AI060284 (385 nucleotides. SFQ II) N():46) 
5 which is homologous to the amino terminus (68 % similarity to amino acids 
12-136) of human heparanase and AI237828 (541 nucleotides. SFQ ID 
N():47) which is homologous to the carboxyl terminus (81 % similarity to 
annuo acius jwu- j ; ui liuiiian iiupaiaiia^c, anu COiiuiniS a j -un\. /\ 
comparison between the human heparanase and the mouse and rat 
10 homologous sequences is demonstrated in Figure 17. 



Homology search of heparanase amino acid sequence against the 
15 DNA and the protein databases revealed no significant homologies. The 
protein secondary structure as predicted by the PIN) program consists of 
alternating alpha helices and beta sheets. The fold recognition server of 
UCLA predicted alpha beta barrel structure, with under-threshold 
con fidence. 

-(> Five of 15 proteins, which were predicted to have most similar folds. 



EXAMPLE 13 



Prediction of heparanase active site 



* ' ■ 1 1 . *. 1 1 ii.. j 
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Laetococcus Lactis. lamy alpha-aniylasc from Barley, lecca 
endocellulase from Aeidothermus Cclluloh tieus and 1 qhc 
hexosaminidase alpha chain, glycosv 1 hydrolase. 

Protein homology search using the bioaccelerator pulled out several 
5 proteins, including glycosyl hydrolyses such as beta-fructofuranosidase 
from Vicia faba (broad bean) and from potato, lactase phlorizin hydrolase 
from human, xylanases from Clostridium ihermoccllwn and from 

v*.. , . J. .1.. + 1 .1 1, .1 r f V_ / A, - ^ ,.*•» 

O// L'[/lUfft \ C tv> tiui^ttjlitt tlliu LLliuuu'iV- iiwm l / (.am/ aun/M / / / r / /c/t. c 1 1 ut 1 1 . 

Blocks 9.3 database pulled out the active site of glycosyl hydrolases family 
10 five, which includes cellulases from various bacteria and fungi. Similar 
active site motif is shared by several lysosomal acid hydrolases (63) and 
other glycosyl hydrolases. The common mechanism shared by these 
enzymes involves two glutamic acid residues, a proton donor and a 
nucleophile. 

15 Despite the lack of an overall homology between the heparanase and 

other glycosyl hydolases. the amino acid couple Asp-(llu (NI<). which is 
characteristic of the proton donor of glycosyl hydrolyses of the (ill-A clan, 
was found at positions 224-225 of the human heparanase protein sequence. 
As in other clan members, this NT' couple is located at the end of a p sheet. 

20 Considering the relative location of the proton donor and the 
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Identification of the active site and the amino acids directly involved in 
hydrolysis opens the way for expression of the defined catalytic domain. In 
addition, it will provide the tools for rational design of cn/\me activity 
either by modification of the mieroem iroment or catalytic site itself 

5 

EXAMPLE 14 
Expression ofhpa antisense in mammalian cell lines 

A m a i ii in a I i a n c x p rc s s \ o n vector II p a 2 K c p c d n a 3 w a s c o n s t r u c t e d i n 
order to express hpa antisense in mammalian cells, hpa eDNA (1.7 kb 

10 EcoRl fragment) was cloned into the plasmid pCDNA3 in 3">5* (antisense) 
orientation. 1 he construct was used to transfect MBT2-T50 and T24P cell 
lines. 2 x 1(P cells in 35 mm plates were transfeeted using the Eugene 
protocol (Boehringer Mannheim). 48 hours after transfection cells were 
trypsinixed and seeded in six well plates. 24 hours later G418 was added to 

15 initiate selection. The number of colonies per 35 mm plate following 3 
weeks: 



Antisense No insert 
T24P 15 60 

2() MB1-I50 1 6 
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The lower number of eolonies obtained after transfection with hpa 
antisense. as compared with the control plasmid suggests that the 
introduction of hpa antisense interfere with cell growth. This experiment 
demonstrates the use of complementary antisense hpa DNA sequence to 
5 control heparanase expression in cells. This approach may be used to 
inhibit expression of heparanase in vivo, in, for example, cancer cells and in 
other pathological processes in which heparanase is involved. 



Hpa cDNA was used as a probe to detect homologous sequences in 
human DNA and in DNA of various animals. The autoradiogram of the 
Southern analysis is presented in Figure 18. Several bands were detected in 
human DNA, which correlated with the accepted pattern according to the 

15 genomic hpa sequence. Several intense bands were detected in all 
mammals, while faint bands were detected in chicken. This correlates with 
the phylogenetic relation between human and the tested animals. The 
intense bands indicate that hpa is conserved among mammals as well as in 
more genetically distant organisms. The multiple bands patterns suggest 

2o that in all animals, like in human, the hpa locus occupy large genomic 



EXAMPLE 15 



10 



Zoo blot 
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based on their homology to the human hpa reported herein. This 
conservation was actually found, between the isolated human hpa cDNA 
and the mouse homologuc. 



site and to identify potential transcription factors binding sites. Recognition 
10 of human Pol 1 1 promoter region and start of transcription w ere predicted 
using the TSSW and TSSG programs. Both programs identified a promoter 
region upstream of the coding region. TSSW pointed at nucleotide 2644 
and TSSG at 2635 of SKQ ID NO:42. These two predicted transcription 
start sites are located 4 and 13 nucleotides upstream of the longest hpa 
15 cDNA isolated by RACK. 

A lipa promoter-GFP reporter vector was constructed in order to 
investigate the regulation of hpa transcription. Two constructs were made, 
containing 1.8 kb and 1.1 kb of the hpa promoter region. The reporter 
vector was transfected into 1 5()-mouse bladder carcinoma cells. Cells 
:o transfected with both constructs exhibited ureen fluorescence, which 



EXAMPLE 16 



Characterization of the hpa promoter 



The DNA sequence upstream of the hpa first ATG was subjected to 
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promoter activity, at various conditions and in different cell types and to 
characterize the (actors involved regulation of///*/ expression. 

Although the invention has been described in conjunction with 
5 specific embodiments thereof, it is evident that many alternatives, 
modifications and variations will be apparent to those skilled in the art. 
Accordingly, it is intended to embrace all such alternatives, modifications 
and variations that tail within the spirit and broad scope ol the appended 
claims. 



# 
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